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HURAIN, A NEW PLANT PROTEASE FROM HURA CREPITANS 


By WERNER G. JAFFE 


(From the Department of Chemistry, Instituto Quimio-Biologico, Caracas-Los Rosales, 
Venezuela) 


(Received for publication, March 15, 1943) 


A considerable number of publications exist which describe plant pro- 
teases, but our knowledge of the chemistry of these enzymes and their 
mode of action is scant. Except for the ferments of the group of papain- 
ases, which have been relatively well investigated, there are few experi- 
mental data on other plant proteases, so that classification outside of this 
group is, as vet, impossible. In the present paper some experimental data 
obtained with a new plant protease are reported which may be helpful for 
the purpose of classification. 

Botanical Data——The new ferment was isolated from the sap of the tree 
Hura crepitans (commonly known in Venezuela as jabillo) of the family of 
Euphorbiaceae. Proteases so far have been identified in three members 
of this family, Croton tiglium, Ricinus communis, and in the sap of Euphorbia 


palustris (1). 


EXPERIMENTAL 


Tsolation--When the bark and roots of Hura crepitans are cut, a brown, 
turbid, and caustic sap appears (which the natives use to remove bad teeth). 
This sap is slightly acid and has a pH of about 5 to 5.5. Sap isolated dur- 
ing the dry season vields 20 per cent of residue on drying; during the rainy 
season, about 17 percent. It contains no caoutchouc. When centrifuged, 
the insoluble matter separates slowly and the supernatant liquid becomes 
clear; this, added to twice its volume of acetone, forms a white precipitate. 
The weight of the dried precipitate is 10.2 per cent that of the original sap. 
The precipitate was purified by re-solution and precipitation in the same 
manner. The resulting white powder is a protein and proteolytic enzyme 
herewith named “hurain.’’ All the experiments were made with this crude 
preparation. 

The insoluble matter, separated by centrifuging, was washed with water 
and recentrifuged until the wash water did not form a precipitate with ace- 
tone. The residue is a gray powder; its vield is 3 per cent of the crude sap. 
It may be further purified by solution in | N sodium hydroxide, filtration, 
and precipitation with acid. This purified residue shows the same pro- 
teolytic activity as hurain, and has been named “hurain 7”’ (insoluble). 

Chemical Properties—Hurain in aqueous solution is precipitated by satu- 
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2 HURAIN 


ration with ammonium sulfate or sodium chloride, this precipitation is more 
complete if the solution is acid or alkaline. When alcohol is slowly added 
to an aqueous solution of hurain, precipitation begins when the alcohol 
concentration reaches about 30 per cent, and is completed when it reaches 
about 90 per cent. From acid solution, alcohol precipitates only part of 
the protein; the remaining fraction may be precipitated from the alcohol 
solution by neutralization. This fraction is also soluble in strong alkaline 
alcoholic solution. 

Hurain gives positive Millon, xanthoproteic, and biuret reactions. 
Mineral acids, picric acid, mercuric chloride, and 0.1 M silver nitrate pre- 
cipitate it. Sodium nitroprusside gives no color reaction with hurain. 
The iodine-azide reaction of Feigl for SH groups is positive, but this re- 
action is often positive for S—S groups too (2). When heated, hurain 
begins to coagulate at 90° and coagulates rapidly at 100°. 

The viscosity of a hurain solution depends upon the pH. In slightly 
acid solution it has a low viscosity. When very slightly alkaline, it rapidly 
becomes so highly viscous that it is comparable to a pectin solution. In 
strongly alkaline solution the viscosity decreases again. In 5 ™M urea this 
change of viscosity is not observed. Similar observations have been made 
with gelatin solutions. In the latter case, too, urea inhibits the increase of 
viscosity which is observed normally when the solution is cooled (3). The 
hurain fraction which is soluble in acidified alcohol does not show this 
change of viscosity. 

Isoelectric Point—An attempt was made to determine approximately the 
isoelectric point of hurain by means of a method (4) based on the fact that 
invert soaps precipitate only the anions of proteins (5). A concentrated 
solution of the ferment was mixed with different buffer solutions (Mell- 
vaine’s buffer) and a few drops of a 1: 1000 invert soap solution (dimethyl- 
alkylbenzylammonium chloride) were added. The protein was precipi- 
tated between pH 4.25 and 4.6. The isoelectric point therefore probably 
lies between pH 4 and 5. 

Hurain i—The water-insoluble hurain ¢ is soluble in 1 sodium hyvdrox- 
ide and in a borate buffer of pH 9. When acidified, it precipitates im- 
mediately from these solutions, but cannot be precipitated by boiling or by 
saturation with ammonium sulfate. It is also soluble in acid aleohol, and 
is precipitated by neutralization. It also dissolves in strong urea solution, 
and precipitates when the solution ts diluted. 

Hurain 7 is probably a secondary product. While the sap from the bark 
and roots of the tree Hura cremitans is turbid, the sap obtained from leaves 
and buds is clear and colorless but readily forms a white precipitate which 
has the same characteristics as hurain ¢. A similar product is obtained 
from hurain which has been kept for some time in strong alkaline solution. 
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W. G. JAFFE 3 


Proteolytic Propertics Vo study the proteolytic properties, LO per cent 
ferment solutions or the filtered sap (which also contained 1O per cent 
ferment) was used. ‘To 0.25 ml. of these solutions, 0.25 ml. of activator or 
inhibitor solution, respectively, was added. ‘The mixtures were kept at 
laboratory temperature (27°) for 24 hours. Then 9.5 ml. of the substrate 
solution were added and the whole mixture incubated at 37° for 6 hours. 
After this, formol titration was performed. As substrates, 2 per cent gela- 
tin solution and 2 per cent peptone solution (Witte’s peptone), which con- 
tained 10 per cent of 0.2 m dibasic sodium phosphate to adjust the pH 
to 8, were used. 


Results 


Table | shows a comparison of the activities of hurai and ficin, both as 
natural saps which had been adjusted to contain 10 per cent of ferment. 


Taste I 
Comparison of Activities of Hurain, Hurain i, and Ficin 


The values give the quantity of 0.1 N NaOH employed in the formol titration. 


Ferment Substrate 0.1N NaOH 
| mi. 
Ficus sap Gelatin | 2.15 
Peptone 0.65 
Hura * Gelatin 1.80 
Peptone 1.59 
Hurain, 10% solution Gelatin 1.66 
10% Peptone 1.52 
i, 10% suspension Gelatin 1.40 
10% Peptone 1.31 


The Ficus sap used was a commercial product. It had the same activity 
as fresh papaya latex in 1:1 dilution. It appears that the gelatin-splitting 
activity of hurain is somewhat lower than that of the ficin, while the pep- 
tone-splitting activity is higher. Activation of the Ficus sap upon peptone 
could not be produced to any measurable degree. 

Table Il shows some results of investigations which were carried out in 
order to establish the activating and inhibiting action of a number of chem- 
iwals. It is evident that activators and inhibitors of papainases are without 
effect. Only four substances were found to influence markedly the activity 
of hurain, silver nitrate, mercuric chloride, iodine, and nitrous acid. Green- 
berg and Winnick (6) have pointed out that these same substances inhibit 
the activity of solanain, a proteolytic enzyme from Solanum elaeagnifolium. 
Nitrous acid was found by Philpot and Small (7) to reduce the activity of 
pepsin by 50 per cent. A similar reduction has been proved for solanain 
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and hurain. These three ferments give a vellow color reaction with the 
reagent. 

Fig. 1 summarizes experiments to establish the optimum pl for gelatin- 
splitting of hurain. It was found to be approximately 8. 

Milk-Clotting Activity—For the clotting of milk by hurain, the simple 
relation E-t = A (where £ is the quantity of ferment, ¢ the time necessary 
to clot a constant quantity of milk at a given temperature, and A the con- 
stant of the process), which has been shown to express the clotting process 


Il 
Effect of Some Activation and Inhibition Substances on Hurain 


The values are expressed in per cent of the value obtained with the pure enzyme. 


Substance Gelatin digestion Peptone digestion 
M 
Cysteine......... 0.1 Os 101 
Hydrocyanie acid... 0.1 102 
Hydrogen peroxide _. 0.1 100 Os 
Maleic acid............ 0.1 
Phenylhydrazine... 0.1 103 Os 
0.1 7 3 
Silver nitrate... 0.02 is 
Mercuric chloride ___.. 0.02 3 5 
Nitrous acid...._.. 0.1 65 73 

2.0 

x 

1.5 

5 

? 


pH 


Fic. i. Hydrolysis of gelatin mixtures, pll 2 to 9, by hurain 


of chymotrypsin, applies, while the formula derived by Balls and Hoover 
(8) for papain does not. 

The milk-clotting power of hurain is very low compared with its gelatin- 
and peptone-digesting activity. Fresh hurain has 5 milk-clotting units per 
gm. as defined by Balls and Hoover, if 5 ml. of milk are used at a tempera- 
ture of 30°, and 30 units per gm. at 40°. For activated papain the corre- 
sponding values are 200 units per gm. at 30° and 300 units per gm. at 40°. 
Curve 1 in Fig. 2 expresses graphically the milk-clotting process of hurain 
and Curve 2 that of papain. 

Action on Intestinal ParasitesIntestinal parasites are not attacked by 
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the proteolytic enzymes of the intestinal tract, owing to an antiferment 
which nullifies the action of these ferments and protects the parasites from } 
their action. It has been demonstrated in recent years that papainases i 
are not inhibited in their activity by these antiferments and therefore can 
digest living Ascaris and other intestinal parasites (9). | 
The action of hurain on Asceris was determined by the following experi- i. 
ments. Three test-tubes were filled with 15 ml. of crude, unfiltered Hura ; 
sap and a fourth with crude Ficus sap. In the first tube were placed three 
living specimens of Ascaris lumbricoides from the human body; in the 
second, three dead worms of the same species; and in the third, three living 7 
earthworms. Three living Ascaris were put in the tube with the Ficus Wy 
sap. All tubes were incubated at 37° for 18 hours. After this time the td 
earthworms were dead and showed superficial ulcerations, while only one 
Ascaris had died and all appeared unattacked. The Ascaris in Ficus sap 


2 


Minutes 


A. — | 


1 Curve l 5 10 CE. | 
©.5 Curve 2. 2.5 5 mg. 


Fic. 2. Relationship between clotting time (reciprocal) and amount of enzyme. 
Curve 1, hurain; Curve 2, activated papain. 


were strongly attacked and partly digested. ‘The tubes were allowed to | 
stand for 2 davs more. By then, the earthworms were almost completely : 
digested, forming a slimy mass, while all Ascaris appeared unattacked, but 
dead. ‘The Ascaris in Ficus sap were as completely digested as the earth- 
worms. It is evident from these experiments that hurain does not digest 
living or dead Ascaris, but digests earthworms. This difference certainly 
is due to the antiferments, characteristic of intestinal parasites like Ascaris. 


Toxicity —Richet (10) studied the toxicity of the sap from Hura crepi- a 
tans. He found that 0.1 ml. of the erude sap kills a rabbit within half a : 
minute and that the toxic dose for dogs is 1 mg. of the crude protein derived | 
from the sap per 100 kilos of body weight. This minimal dose killed the i 


dogs within 3 days. He attributed this toxic effect to a toxalbumin which 
he named crepitin. 

To check the toxicity, ten mice were given orally 0.5 ml. of the filtered ; 
Hura sap by means of a stomach tube. All animals survived the adminis- a 
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tration for more than 8 days. To ten other mice was given | ml. each. 
These animals died within 24 hours. Stomach and intestines were filled 
with a slimy brown liquid. Anatomical lesions could not be detected. 
These results are not conclusive for oral toxicity, because death may be 
caused in mice by | ml. doses of solutions which are osmotically active or 
not neutral (11). 

Of ten mice injected intraperitoneally with O.1 mil. of the filtered sap, 
eight died within 24 hours, while of ten injected in the same way with 0.1 
ml. of the sap diluted 1:1, only one animal died within 24 hours. There 
were no anatomical lesions visible. In the course of | week the two re- 
maining animals of the first group and four more of the second group died. 
All had inflammation and necrosis in the peritoneum. All mice used in 
these experiments weighed between 16 and 18 gm. 

Four rabbits were given intravenous injections of | ml. of the filtered 
Hura sap. All the animals survived the observation period of 4 days. 
Two rabbits were injected intraperitoneally with 5 ml. of the sap. These 
also survived 4 days, but all the animals of both groups died within 2 
weeks. All the rabbits emploved weighed between 1.5 and 1.7 kilos. The 
sap used in these experiments was collected in July. A sample obtained 
from the same tree in December was twice as toxic. 

As toxalbumins derived from Euphorbiaceae have the property of ag- 
glutinating red blood cells, the Tura sap was checked with respect to this 
activity. It was found to agglutinate rat blood cells in a dilution of 1:100- 
000. Washed cells from human blood are agglutinated by the sap diluted 
1:10 but not by a dilution of 1:100. No hemolytic action could be de- 
tected. 

There exists a marked discrepancy between the toxicity of Mura sap 
found by Richet in Brazil and by the author in Venezuela. In both cases, 
however, a retarded action of doses insufficient to cause an acute toxic 
effect has been established. It has been shown that the toxic and the 
blood-agglutinating principles of ricin are not identical (12). If this is 
also true for crepitin, it is possible that the toxic factor is absent from the 
sap of Hura of Venezuela and that the retarded toxicity is due to a distinct 
factor. If the toxic effect is due to the toxalbumin crepitin of Richet, 
it must be present in a concentration lower than |~* gm. per mil. of sap. 


DISCUSSION 


The most important characteristics of hurain may be summarized as 
follows: chemicai behavior like that of an albumin; maximum of activity 
in alkaline range; no inhibition by merely oxidizing agents like hydrogen 
peroxide; positive Philpot and Small reaction; inability to digest intestinal 
parasites. These properties distinguish it clearly from the papainases. 
In the incomplete literature available to the author there is no description 
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of a plant protease with such properties. Nevertheless, it seems probable 
that among the great number of vegetable proteolytic enzymes, mentioned 
in the literature without detailed description, there are some which may 
possess the above characteristics. It is very probable that solanain re- 
cently studied by Greenberg and Winnick (6) may belong to the same 
group as hurain, because it shows a positive Philpot and Small reaction and 
has its maximum of activity at pH} 8.5. It mav be worth while to check 
the similarity of some other plant proteases to hurain. Perhaps a new 
group of these ferments may be established similar to the group of the 
Pa 
The papainases strongly resemble in their activity the catheptie fer- 
: ments of animal origin. Vegetable ferments which are supposed to have 
analogous relations to pepsin have been found in Drosera rotundifolia (13). 
: In the case of hurain a relation to trypsin may be suggested. All the ehar- 
acteristics summarized above are also true for trypsin. The reaction of 
Philpot and Small was checked for trypsin and found to be similar to that 
of hurain. Other characteristic properties of trypsin, especially the activa- 
tion by enterokinase and by Mg**, are as vet unchecked for hurain. As it 
is the purpose of this publication to describe some properties of the new 
enzyme which were easy and rapid to establish in order to find some even- 
tual relationship to other plant ferments, no attempt to purify the crude 
product was made, and therefore these properties have not vet been checked 
for hurain. 


SUMMARY 


A new proteolytic enzyme, named hurain, has been isolated from the tree 
| Hura crepitans. Some of the properties which distinguish it clearly from 

the papainases are described. A possible relationship to trypsin is dis- 
cussed. 
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HISTAMINE AND PROTEOLYTIC ENZYMES 
LIBERATION OF HISTAMINE BY PAPAIN 


By M. ROCHA & SILVA ano SYLVIA O. ANDRADE 


(From the Department of Biochemistry and Pharmacodynamics, Instituto 
Biologico, Sdo Paulo, Brazil) 


(Received for publication, March 31, 1943) 


Previous papers have shown that trypsin is very active in releasing his- 
tamine from the living tissues (1, 2). This would suggest, as indicated 
before (3), that histamine is bound to cells forming peptide linkages with 
the amino acid chain of cell proteins. On the other hand, the fact that 
chymotrypsin is very ineffective in releasing the histamine,' would indicate 
that the linkages of this substance with the cell proteins display a certain 
specificity toward proteolytic ferments. Among the innumerable peptides 
tested by Bergmann and his associates (4, 5), only a few are split by trypsin: 
benzoy|l-l-argininamide, benzoyl-/-lysinamide, hippury]-l-argininamide, and 
hippuryl-d-lysinamide. ‘Trypsin is a proteinase which attacks a peptide 
linkage involving the carboxyl group of a basic amino acid. Consequently, 
we might conclude that the linkage of histamine with the cell proteins is 
of the amide type, the next amino acid residue being either arginine or 
lysine. A further step presented in this report has been to fractionate 
papain and to show that its histamine-liberating activity at pH 7.3 to 7.5 
runs parallel to its benzoy|-l-argininamide-splitting component. 

The methods developed by Bergmann and his associates (6), which have 
been used in the following experiments, proved rather successful, despite 
the fact that the bindings of histamine with the cell constituents are labile 
and by no means realize the conditions of simple stable substrates, such as 
those used in the study of proteolytic enzymes. Furthermore, the amounts 
of histamine to be liberated are so small that one has to use a biological 
test to detect them; consequently, one has to compare results obtained with 
purely chemical methods with those obtained in biological experiments. 
The results presented in this paper, however, show that quite clear informa- 
tion can be gathered from the application of methods of enzymatic chemis- 
try to the solution of problems of liberation of biologically active substances. 


Material and Methods 


The papain preparation used was obtained by purification of a crude 
dried latex, according to the procedure described by Irving, Fruton, and 
Bergmann (7). A stock solution of papain was prepared by dissolving 


t Rocha e Silva, M., unpublished results. 
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200 mg. of purified papain in 25 cc. of saline. The protein nitrogen content ' 
of this preparation was 2.6 mg. per ec. From this solution, 2.5 ce. were 
transferred to a 5 cc. volumetric flask and | cc. of cysteine solution (0.5 
M) + 1.5 ec. of phosphate (pH above 6) or citrate (pH below 6) buffer 
was added. 


The enzymatic experiments were performed in 2.5 cc. volumetric flasks P 
containing 0.5 to | ec. of the papain-cysteine solution, 1.25 mM of substrate. 
and 0.3 cc. of the corresponding buffer solution. The final concentration 
of cysteine in the solution was 0.04 mM per cc. The flasks were incubated 
at 39° and samples of 0.2 cc. were taken at varving intervals for estimation 


of the free carboxyl groups by the Grassmann-Heyde method (8). 

From each analysis the first order constant A = 1/t log a/a — x was 
determined and the average A of three or four determinations with the 
same substrate was used to calculate the respective proteolytic coefficient 
(Cpuaa, Cera, Cra, ete.). The value of Cy was calculated by dividing the 
average constant A by the concentration of the enzyme, expressed in mg. 
of protein nitrogen contained in | cc. of the solution (for more details, 
see (6)). 

The histamine experiments were performed according to the method 
previously described (2). Into each of three or four flasks were put | ce. 
of papain solution and 1 ec. of saline. Samples of 7 to 8 ec. of heparinized 
rabbit blood, obtained by heart puncture, were added to each flask. After 
standing 5 to 10 minutes at room temperature and 3 minutes at 38°, the 
samples were centrifuged and 2 ec. of the supernatant plasma added to 4 ce. 
of trichloroacetic acid. A 2 cc. sample of total blood was also taken. The 
histamine extraction and estimation were performed according to Code’s 


method (9). 


Results 


Tissue cathepsins and papain are complex mixtures of proteolytic en- 
zymes which split innumerable peptides of the most varied type (10). 
To study the possibility of applying to the histamine problem the methods 
of enzymatic chemistry, we have chosen papain as a representative of this 
group of enzymes. As is well known, tissue cathepsins are almost inactive 
above pti 6. Papain, being a vegetable cathepsin and having many 
of the components of animal cathepsins, is still fairly active at pI] 7 to 7.5. 
As shown in Fig. 1, papain-cysteine has two definite optima, one around 
pH 5 and the other around pH 6.8 to7. At pH 7.3 to 7.5, papain-cysteine 
splits benzoyl-l-argininamide very quickly, carbobenzoxyvisoglutamine, 


2? Most of the substrates used in the following experiments were prepared by one 
of us in Dr. M. Bergmann’s laboratory at The Rockefeller Institute for Medical 


Research, New York. ' 
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Fic. 1. Influence of pH on the splitting of benzoyl-l-argininamide (continuous line) 
and carbobenzoxyisoglutamine (dotted line) by papain-cysteine. At the ordinates 
the proteolytic coefficients are shown (Cg,, and Ceyq), and at the abscissas the pH. i 
Taste I q 
Splitting of Different Substrates by Papain-Cysteine, at pH 7.3 to 74 F 


Enzyme concentration, 0.13 mg. of protein N per cc. ; 


Substrate Time Hydrolysis | 
min. | percent | 
| Benzoy!-/-argininamide 30 62 | 
| | Craa = 1200 
Carbobenzoxyisoglutamine SO 29 
120 40 | 
| 49 Coq = 140 
Hippurylamide 75 14 
120 22 Cu, = 70 
| l-Leucinamide 155 6 
Glyeylglycine 110 l 
| 140 3 Cag = 0.7 
Carbobenzoxy 1440 0 Ceatr = 0 
Glyevl-l-leucine 1440 0 | Ce, =0 
Carbobenzoxy-l-leucyiglycine 1440 0 | = 0 
Chloroacetyl-l-tyrosine 1440 0 | = 0 
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hippurylamide, and /-leucinamide less quickly, and glveyvighveine very 
slightly (Table I). carbobenzoxy-/- 
leucviglvcine, and glycyl-l-leucine are not split by papain above pH 7. 


Taste Il 
Liberation of Histamine from Rabbit Blood Cells by Papain 


Papain A was prepared directly from a fresh stock solution of papain. Papain B 
was prepared by treating 4 cc. of the stock solution of papain with 0.5 ce. of sn NaOH, 
After 2 hours of contact, the solution was neutralized with ~ HCl and the evsteine 
solution and the phosphate buffer added. Papain C was prepared from a stock 
solution of papain which had been heated for 12 to 15 minutes at 52° or 2 hours at 390° 
(Experiment 8). 


RAA Histamine content 


| Plasma + Plas + "las o 
Papain A Papain B= Papain ¢ saline A 
0.11 0.50 1.15 1.25 
2 0.11 0 1.10 2.2) 1.15 2.00 
0 1.00 2.00 1.20 2.00 
4 | -@ 0.42 2.00 0.40 0.42 
6 | 0.12 0 0.12 0.25 0.90 0.27 0.90 1.00 
6 | 0.10 0 0.10 0.30 1.40 0.60 130 0.94 
0.09 0.25 0.50 0.50 0.75 
| 0.10 0.25 0.50 0.75 

Ill 


Liberation of Histamine from Rabbit Blood Cells by Dialyzed Papain 
Papain A was prepared from a fresh stock solution of papain. Papain KB was pre. 
pared by dialyzing the solution of papain for 20 hours against distilled water in the 
ice box. 


CBAA Histamine content 
riment 
Papin A | PapainB | Plasma Total blood 
l 0.2 0.75 0.62 
2 | O11 0.10 0.75 
3 0.12 0.) 0.0 
4 0.08 | 0.08 1.00 2.00 2.00 1.25 
5 0.11 0.06" 2.00 0.80 1m 
6 | 0.10 | 0.10 0.85 1.20 1.15 1.40 


_ 


* Dialyzed 48 hours in the ice Lox; the Cy,, of this solution of papain was abnor- 
mally low. 


As the experiments on histamine liberation ought to be done at a pH 
range (7.3 to 7.5) in which the curve of activity of papain-cysteine begins 
to decline, a certain variation in the values of the proteolytic coefficient 
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Cras should be expected. This would explain small variations of the 
proteolytic coefficients as shown in Tables II and III. 

The results presented in Tables II, III, and IV definitely show that the 
ability of papain to liberate histamine from rabbit blood cells runs parallel 
with the activity of its benzoyl-/-argininamide-splitting component. This 
component is fairly resistant to heat; as shown in Table II, heating papain 
at 52° for 12 to 15 minutes does not change the activity of the enzyme 
upon benzovl-/-argininamide or its histamine-liberating capacity. On the 


Taste IV 
Effect of Treatment of Papain with Isopropyl Alcohol on Histamine Liberation from 
Rabbit Blood Cells and Benzoyl-l-argininamide-Splitling Activity 

Papain A was prepared directly from a stock solution of purified papain containing 
20) mg. of papain per 25 cc. of saline. From this solution 2.5 cc. were transferred to a 
5 ec. volumetric flask and | ec. of cysteine solution + 1.5 cc. of phosphate buffer was 
added. Papain B was prepared by treating 10 cc. of the stock solution of papain 
with 20 ec. of chilled isopropyl aleohol; after 15 minutes at 4°, the precipitate was 
collected by centrifugation and redissolved in saline. After two or three precipita- 
tions with isopropyl! alcohol, the volume was made up to the volume of the original 
stock solution. From this solution, 2.5 ce. were transferred to a 5 cc. volumetric flask 
and | ec. of cysteine solution + 1.5 ce. of phosphate buffer was added. Temperature 
of the bath, 39°; final pH, 7.3 to 7.5. 


CBAA Histamine content 
PapainA | PapainB | Piss | papain A | PapainB | Total blood 
! 0.120 0.055 0.04 0.46 0.15 | 6.52 
2 0 O81 0.066 0.25 0.81 0.74 0.63 
3 0.120 0 095 0.30 1.25 0.80 1.76 
4 0 OSS 0.056 0.12 1.25 0.85 1.80 
5 0.006 0.040 0.26 0.56 0.35 0.90 
0.003 0.040 0.26 0.65 0.35 0.90 
7 0 O86 0.061 0.35 3.12 2.50 1.80 
Averages 0.087 0.059 0.23 1.16 0.82 1.18 
Histamine B 0.82 — 0.23 
ce, = 06). —— = 0.62. 
BAA/CHAA Ilistamine A 1.18 — 0.23 


contrary, contact with nN NaOH, for 4 to 1 hour, was enough to destroy the 
benzovl-/-argininamide-splitting component and at the same time its 
histamine-liberating activity. Furthermore, we have verified that dialysis 
against distilled water does not interfere with the papain-cysteine com- 
ponent which splits benzoyl-l-argininamide, but definitely lowers the ac- 
tivity of papain toward /-leucinamide, the Ci, dropping from a value of 
0.0015 to 0.0007. At the same time, the liberation of histamine by papain 
is not altered appreciably by dialysis against distilled water (Table III). 
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That the liberation of histamine does not run parallel with the activity 
of the papain component which splits carbobenzoxvisoglutamine is shown 
in Table V, since treatment with isopropyl alcohol does not change very 
conspicuously the activity of papain-cysteine toward carbobenzoxyiso- 
glutamine. ‘There is no correlation between the changes of the proteolytic 
coefficients toward benzoyl-l-argininamide (Cy,a,) and carbobenzoxyiso- 
glutamine (Cer¢). This shows that the papain component which splits 
the former at pH 7.3 to 7.5 is not identical with the component which splits 
the latter. As shown in Table V, the quotient C naa/Cere = 6.3 before 


Taste V 
Protcolytic Coefficients of Papain-Cysteine towards l-Argininamide 
and Carbobenzoryisoglutamine 
Papain A was prepared from a fresh stock solution of papain, while Papain B 
was prepared after three precipitations of the same solution by isopropyl! alcohol, 
as indicated in Table IV. 


CBAA 
Papain A Papain B | Dapein A Papain B 
0.096 0.040 
0.093 0.040 0 O20 0.013 
0.056 0.013 0 016 
0.106 0.055 0.011 0.014 
0.081 0.006 0. 0.015 
0.115 0.061 0.014 
0.106 0.060 0.0m) 
0.112 0.053 0.015 o12 
0.130 0. O65 
0.086 0.061 
Averages. 0.101 0.056 0.016 0.014 


treatment with isopropyl alcohol; after three precipitations with isopropy! 
aleohol, the quotient Ceaa/Caro = 4. 

The data presented in Table IV, however, show that treatment of papain 
with isopropyl alcohol lowers at the same rate (0.61 and 0.62) the activity 
of the enzyme both in splitting benzov!-/-argininamide and in releasing the 
histamine from rabbit blood cells, this being strong suggestive evidence 
that both activities depend on the same papain component. 


DISCUSSION 


There are substantial proofs that the histamine linkages with the cell 
constituents can be ruptured by proteolytic enzymes which display the 
same specificity as trypsin. The possibility that in several cases the nor- 
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mal cellular cathepsins might be the agent of histamine liberation would 
induce one to study the histamine-liberating activity of these complex 
proteolytic enzymes. Unfortunately, animal cathepsins are almost 
inactive at the pH of blood, which makes them unsuitable for experiments 
on histamine liberation from living tissues. The study of a vegetable 
cathepsin like papain gave satisfactory results. Papain is a mixture of 
proteolytic enzymes which display specificities somewhat similar to those 
shown by animal cathepsins. Papain has a pH optimum around 5, and 
needs activators such as HCN, cysteine, ascorbic acid, etc., exactly as 
the usual animal cathepsins do. It has been possible to identify in papain 
a proteolytic component similar to Cathepsin II (which splits benzoyl-/- 
argininamide), another similar to Cathepsin III (which splits /-leucin- 
amide), and another similar to Cathepsin V (which splits carbobenzoxyviso- 
glutamine). Papain is unable to split glyeyl-/-leucine, and under the 
conditions of our experiments it did split hippurylamide slightly and 
givevigiyeine very slightly (at pH 7.3 to 7.5). The great advantage 
offered by papain over animal cathepsins is the fact that it still retains an 
appreciable part of its activity at pH 7.4. The splitting of benzoyl-/- 
argininamide at this pH is fairly rapid, while animal cathepsins prepared 
according to the method of Anson (11) lose their activity almost entirely 
when the pH of the medium is maintained above 6. In consequence, 
papain can be used as a cathepsin model when the experiments must be 
performed at pH 7.4, as in those with rabbit blood. 

We have been able to show that the histamine-liberating activity of 
papain does not show any relationship to its capacity for splitting /-leucin- 
amide, gliveviglycine, glycyl-/-leucine, carbobenzoxy-/-glutamyl-/-tyrosine, 
or carbobenzoxy-l-leucviglycine. On the other hand we have shown that 
submission of papain to several treatments, such as dialysis against dis- 
tilled water, heating to 52° for 15 minutes, and contact with nN NaOH, 
destroys some of its proteolytic components and that its capacity for split- 
ting benzoy!-/-argininamide disappears at the same rate as its histamine- 
liberating activity. This shows a definite parallelism between the activity 
of the enzyme in splitting this substrate and in liberating histamine from 
rabbit blood cells. Treatment of papain with isopropyl alcohol lowered its 
activity in splitting benzovl-/-argininamide, but did not markedly alter its 
activity in splitting carbobenzoxvisoglutamine; the effect of this treatment 
upon the histamine-liberating activity of papain was of the same order 
of magnitude as its effect upon the capacity for splitting benzoyl-l-arginin- 
amide. 

The problem presented in this paper, therefore, concerns the probable 
nature of the linkages holding histamine to the cell proteins. Besides the 
fact that the release of .:stamine runs definitely parallel to the activity of 
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papain in splitting benzoyl-/-argininamide, it is worthy of note that this 
substrate is a typical one for trypsin, which is one of the most active sub- 
stances in releasing the histamine from living cells. Chymotrypsin, which 
does not split this substrate, does not release histamine in appreciable 
amounts. 

Among the very few simple substrates which trypsin has been shown to 
split are hippuryl-d-lysinamide and benzoyl-!-lysinamide, which indicates 
that lysine, instead of arginine, might be the amino acid residue proximal 
to the peptide linkage ruptured by trypsin. In this sense, one might draw 
the provisional conclusion that histamine is bound either to arginine or to 
lysine in the amino acid chain of cell proteins. On the basis of this conelu- 
sion, one would expect that Cathepsin II would probably be the cellular 
cathepsin component responsible for the release of histamine in the event 
that an abnormal activation of cellular proteinases is the primum movens 
of a discharge of this pharmacologically active substance. 


SUMMARY 


Papain-cysteine shows two optima of activity, at pH 5 and pH 6.8 to 7, 
when tested on synthetic substrates like benzovl-/-argininamide and carbo- 
hbenzoxyisoglutamine. 

At pH 7.3 to 7.5 papain-cysteine splits benzoyl-/-argininamide, carbo- 
benzoxyisoglutamine, hippurylamide, /-leucinamide, and, very slightly, 
glycylglycine. The other substrates tested, namely carbobenzoxy-/- 
glutamyl-l-tyrosine, glycyl-/-leucine, carbobenzoxy-l-leucylglycine, and 
chloroacetyl-/-tyrosine, were not split by papain-cysteine in that range 
of pH. 

Papain was found to release histamine from rabbit blood cells to plasma. 
Dialysis against distilled water and heating at 52° for 12 to 15 minutes did 
not appreciably alter this effect of papain upon rabbit blood histamine. 
Treatment with NaOH definitely reduced to zero the ability of papain to 
release histamine. Several precipitations with isopropyl alcohol markedly 
reduced this capacity. 

The papain-cysteine component which splits benzoyl-/-argininamide was 
altered by the above treatment in a quite similar manner, which led to the 
conclusion that the histamine-liberating activity of papain runs parallel 
with its capacity for atiacking the arginine-amide linkage. The com- 
ponents which split /-leucinamide and carbobenzoxyisoglutamine were 
altered differently by the same treatment. 

~A provisional conclusion is drawn that histamine is prese:.' in the cell, 
forming an amide type of linkage, the proximal amino acid being either 
arginine or lysine. 
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TRANSAMINATION AND PROTEIN SYNTHESIS IN, 
GERMINATING OAT SEEDLINGS* 


By HARRY G. ALBAUM# ann PHILIP P. COHEN 
(From the Laboratory of Physiological Chemistry, University of Wisconsin, Madison) 
(Received for publication, April 12, 1943) 


The discovery of the transamination reaction by Braunstein and Kritz- 
mann (1) has led to the suggestion that this reaction is of major importance 
in protein metabolism in plant and animal tissues. Thus Virtanen and 
Laine (2) have postulated that in the leguminous plants the first amino acid 
synthesized is aspartic acid, which in turn participates in the synthesis of 
the remaining amino acids by transamination with the corresponding a- 
keto acids. Unfortunately, quantitative data for plant tissues in particular 
have been strikingly inadequate, not only for support of the more elaborate 
theories, but even for the mere demonstration that transamination occurs 


at an appreciable rate. On the whole the studies with plant tissues have 


suffered from a poor choice of material and experimental conditions, in 
addition to inadequate analytical methods. Thus Cedrangolo and Car- 
andante (3) reported that aqueous extracts of different seeds and germ- 
inated seedlings were most active in transaminating the system, a-keto- 
glutaric acid plus aspartic acid. The rates observed, however, were ex- 
tremely low and of questionable significance (4). The reverse reaction was 
not investigated. No transamination was observed to occur in Chlorella 
(4), but the experimental conditions employed were not optimum in view 
of the findings reported in this paper. 

Kritzmann (5) has reported the preparation of transaminating enzymes 
from animal and plant sources, and has found their properties to be similar. 


She has maintained the view that two transaminating systems exist, one _ 


concerned with glutamic (or a-ketoglutaric) acid, and the other with aspar- 
tic (or oxalacetic) acid. The latter system is reported by Kritzmann to be 
most readily prepared, free of the glutamic acid system, by extracting 
coarsely ground pea seedlings. Previous studies, however, by one of us 
(6-9) have led to the view that a single enzyme system is involved, the 
chief substrates for which are glutamic acid plus oxalacetic acid. 

In this paper experiments are reported in which the reaction 


a 
(1) U(+)-Glutamie acid + oxalacetic acid ———~ 
b 


a-ketoglutaric acid + /(—)-aspartie acid 


* This investigation was aided by a grant from the Jane Coffin Childs Memorial 
Fund for Medical Research. 
t Nafional Research Council Fellow in the Natural Sciences, 1942-43. 
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was quantitatively investigated in embryos from oat seedlings at various 
stages of germination. Simultaneous estimations of different nitrogen 
fractions of the embryos are also reported for the purpose of correlating 
transamination with protein metabolism. 


Procedure 


Preparation of Oat Embryos ——Oat embryos used in the studies were pre- 
pared in the following way. Grains of Avena sativa L. var. Vicland were 
hulled, soaked in distilled water for 2 hours in the light, and germinated 
in the dark at room temperature for 24 hours. After germination, the 
grains were planted in beakers in contact with moist filter paper, as pre- 
viously described (10), to which distilled water had been added. The 
plants were then allowed to continue their growth in the dark. Imme- 
diately after the initial soaking period and at 24 hour intervals thereafter 
groups of seedlings were removed from the beakers and the embryos were 
carefully dissected from the endosperms. 

Preparation of Homogenates and Incubation Mixtures “Groups of 
embryos varying in number between ten and 100, depending on the age, 
were homogenized in ice-cold 0.1 M phosphate buffer with a stainless steel 
homogenizer. In most of the experiments the pH was checked and when 
necessary adjusted to pH 8.0 with 1 m sodium bicarbonate. In other 
experiments the desired pH was attained by using a phosphate buffer of 
approximately the desired pH and then adjusting as before. 

1 ml. samples of the homogenate were pipetted into test-tubes or 50 ml. 
flasks to which, in the case of the complete system (Reaction 1, a), the 
following additions were made, 0.3 ml. of 0.1 mM glutamate and 0.3 ml. of 
0.1 mM oxalacetate (or corresponding amounts of a-ketoglutarate and 
aspartate in the case of Reaction 1, )). The glutamate and oxalacetate 
were adjusted to the proper pH before use. The oxalacetate was added 
to the system after the homogenate plus glutamate was shaken for 10 
minutes at 38° to allow for temperature equilibration. The substrate 
concentration was 0.0187 mM. The reaction was stopped, at the end of 
varying periods of incubation with continuous shaking, by the addition 
of 1.0 ml. of 10 per cent sodium tungstate and 1.0 ml. of 10 per cent sul- 
furic acid. 2.4 ml. of water were added to make a final volume of 6.0 ml., 
and the mixture filtered. 

Analytical Procedures—-Aspartic acid formation was determined by the 
chloramine-T method previously described (7). Determinations were 
usually carried out in duplicate. For the estimation of a-ketoglutaric 
acid, the method of Krebs was employed (11). 

Total and soluble (non-protein) nitrogen was routinely determined on 
all homogenates and filtrates by a micro-Kjeldah| method in the usual way. 
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Results 


Comparison of Rate of Reaction 1, a by Aspartic Acid and a-Ketoglutaric 
Acid Determinations The rates of Reaction 1, a as measured both by 
aspartic acid and a-ketoglutaric acid formation with the same incubation 
mixture are shown in Table I. While the rates of transamination are 
lower than those shown in Fig. 2, which were obtained at pH 8.0, which 
is closer to the optimum pH of 8.6, the values obtained by the two methods 
show good agreement. The significance of the data in Table I is that, 
first, the two independent analytical methods vield the same results, 


TABLE I 


Rate of Transamination As Measured by Aspartic Acid and a-Ketoglutaric Acid 
Formation in Same Incubation Mixture 


2 hour-old embryos; pH 7.4. The per cent transamination was calculated on the 
basis of 672 microliters of added glutamic acid. 


Aspartic acid formation a-Ketoglutaric acid formation 


Average | blank formed imation — uptake uptake | uptake | acid | ination 
min. | liters \litersCOx, lisers | “Tiers | ‘ters | liters | cont 
1s | 744 749 615 | 134 19.9 116.5! 44 | 72.5! 145 | 21.5 
754 | | | 
30 835 | S17 | 615 | 232 | 3.5 166.5) 44 | 122.5| 245 | 36.5 
S5S 
012 929 615 314 46.7 190.5 44 | 146.5) 293 | 43.7 
O15 | | 
120 985 986 | 615 371 55.2 222 44 178 | (356 | 53.1 
955 | | | | 


1020 | | | | | 


and second, that the course of Reaction 1, a is as depicted, and thus the 
measured rates in this system are not due to, nor influenced by, any 
secondary reactions which would serve either to utilize the substrates, 
glutamic and oxalacetic acids on the one hand, or the reaction products, 
aspartic and a-ketoglutaric acids, on the other hand. 

Effect of pH on Reaction 1, a~——The effect of pH on Reaction 1, a (with 
embryos from grains soaked for 2 hours) is shown graphically in Fig. 1. 
It is seen that the optimum pH is at 8.6, with a relatively rapid decline 
in activity with both increasing and decreasing pH. This is somewhat 
in contrast to animal transaminase which shows an optimum activity at 
pH 7.5 (8), with a relatively slower decrease in activity with change in 
pH. Whether the optimum pH for these plant homogenates would obtain 
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for more purified preparations, it is not possible to predict. On the other 
hand, Kritzmann (5) has reported that the optimum pH for aqueous ex- 
tracts of pea seedlings is the same as that for animal preparations; vrz., 7.4. 

Preliminary experiments in this study were carried out at pH 7.4 
because of Kritzmann’s findings (5) and those reported for animal transami- 
nase (8). However, as a result of the data shown in Fig. 1, all subsequent 
experiments were conducted at pH 8.0. The optimum pH was not 
employed, because it seemed desirable to use a phosphate buffer. 

(ates of Reactions 1, a and 1, b ~The rates of Reactions |, a and |, > are 
shown graphicaily in Fig. 2. It is seen that Reaction 1, a proceeds at a 
relatively rapid rate initially and approaches more slowly an equilibrium 
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Fic. 1. pH-activity curve (Reaction 1, a). 2 hour-old embryos 


level after about 60 per cent transamination. Reaction |, 6 reveals a 
much slower initial rate, the equilibrium level being reached after about 
20 per cent transamination. It is apparent that Reaction |, a proceeds 
at a rate about 3 times as fast as Reaction 1, >. Values of this same order 
have been reported for purified transaminase from animal sources (8) and 
animal tissue homogenates (9). 

Changes in Transaminase Activity (( nits) and Protein and Non-Protein 
Nitrogen at Different Stages of Embryo Development —The units of transami- 
nase activity present at different stages of embryo development are shown 
in Fig. 3. One transaminase unit is defined as that amount of enzyme 
which will produce 10 microliters of aspartic acid (or a-ketoglutaric acid) 
from a 0.0187 m concentration of glutamic acid plus oxalacetic acid in 15 
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r minutes at pHi 8.0 and 38°. In addition, protein nitrogen (total nitrogen q 
. minus soluble nitrogen) and soluble nitrogen (75 per cent of which is | 
< 
Z20 80: | 
> | 
< 
69 
Zz 4 
a 
60 40: q 
80 20, 
TIME IN MINUTES q 
) bic. 2. Rates of Reactions 1, a and 1,6. 2 hour-old embryos; pH 8 | 
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Fic. 3. Changes in transaminase activity and protein and non-protein nitrogen at 7 . 
different stages of embryo development. pH 8; Reaction 1, a. @ 


amino nitrogen by the chloramine-T method) levels at the same stages are 
presented. 
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It can be seen from Fig. 3 that during the first 24 hours there is a slow 
and parallel increase in transaminase units, protein nitrogen, and soluble 
nitrogen levels. Between 24 and 48 hours, the soluble (or amino) nitrogen 
levels increase sharply. At about 48 hours, the transaminase units in- 
crease sharply. However, the protein nitrogen continues to increase 
at the same slow rate as during the first 24 hours up until the 72 hour 
stage. At this time the protein nitrogen levels rise sharply. Thus at 72 
hours the transaminase units and soluble (or amino) nitrogen levels have 
reached relatively high values, subsequent to which time the protein nitro- 
gen starts to increase rapidly. It would thus appear that the rate of 
protein synthesis is accelerated when the transaminase activity and the 
soluble (or amino) nitrogen values reach a certain level. It should be em- 
phasized that, between 24 and 72 hours, the rate of synthesis of transami- 
nase is more rapid than the rate of synthesis of total protein. This in 
itself suggests that there is a preferential synthesis of a key protein, 
transaminase, which either directly or indirectly influences the rate of 
total protein synthesis. After 72 hours the rates of transaminase synthesis 
and protein synthesis are parallel, again emphasizing the intimate associa- 
tion of these two constituents. It is at this 72 hour stage that other 
enzyme systems start appearing or enzyme systems already present in- 
crease markedly in activity (12, 13). 

It is of interest to note that after 72 hours the soluble (or amino) nitrogen 
levels continue to rise along with the protein nitrogen level. It might be 
expected that if the protein were being synthesized from the amino acids 
(soluble nitrogen) present the latter values would decrease. During these 
early stages, however, the soluble (amino) nitrogen keeps increasing because 
of the rapid rate of transfer of soluble nitrogen from the endosperm which 
rapidly loses its protein nitrogen and supplies it to the embryo (12). 
Thus we have the conversion of the endosperm protein to the embryo 
protein through the medium of soluble (amino) nitrogen. 

The function of transaminase thus might appear to be that of rearranging 
or interconverting the soluble (amino) nitrogen provided by the endosperm 
into the components necessary for synthesis of embryo proteins. The 
broader implications of this will be considered under the discussion. 

Qtransamination Values at Different Developmental Stages—A comparative 
measure of transaminase activity is conveniently expressed in terms of the 
conventional Qtransamination Values. However, since these values are usually 
expressed on the basis of the dry weight of the tissue, erroneous values are 
obtained with plants owing to the increasing amounts of supporting tissue, 
such as cellulose, with development. A more satisfactory basis for ex- 
pressing Qtransamination Values is on the basis of mg. of protein, since the latter 
more adequately reflects the metabolically active tissue of the plant. With 
this in mind, Qtransamination Values are presented in Table II both on a dry 
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weight basis (Q,) and on a protein basis (Q7:p,)) at different stages of em- 
bryo development. It is apparent from Table II that Qr values decrease 
with embryo development, while the Q,:p,) values increase. The latter 
values undoubtedly are a better reflection of the changes in transaminase 
activity than the former. 

The Qr:p,) values are remarkably high and indicate that at least in this 
plant tissue transaminase activity is not only high initially but actually 
increases about 4-fold after 120 hours. During the first 24 hours the 
values change very little, but between 24 and 72 hours the values are 
tripled, while between 96 and 120 hours they are quadrupled. 

The Qr:p,) value for Reaction 1, b in 2 hour-old seedlings is of the order of 
100. Calculation of the Q7:p,) values for the same reaction in extracts 
from pea and corn seedlings from the data of Cedrangolo and Carandante 
(3, 4) gives values of 1.1 and 3.8 respectively. 


TABLE II 
Change in Qr and Qripr.) with Time in Developing Oat Embryos 
microliters substrate transaminated 


Qr= mg. dry weight X hrs. 
microliters substrate transaminated 
Pr.) = 
mg. protein X hrs. 
Time Or OT (Pr.) 
Ars. 
2 109 268 
24 158 295 
48 154 784 
72 Q4 805 
96 73 905 


- 


The Qr:p,) values for plant tissue are more or less comparable with Q, 
values for animal tissue. In a comparison of the transaminase activity 
of animal and plant tissues it appears that in both cases there is a progres- 
sive increase with age (14). However, the values for the oat seedling are 
several times greater than those reported with the most active animal 
tissues. Thus pigeon breast muscle has a Qr value of 450. On the other 
hand, purified transaminase preparations from pig heart muscle have 
values of the order of 1650 (8). 


DISCUSSION 


The exact manner in which transamination can function in synthetic 
reactions of protein is as yet not clear. Two possibilities merit considera- 
tion. In the first place, if one considers protein synthesis to proceed 
by the reversed action of proteolytic enzymes, then it is difficult to see how 
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transamination can tie up directly with this process. On this basis one 
must assume that transamination serves the function of rearranging or 
interconverting the amino acid substrates in such a way as to insure the 
proper concentrations and kinds of amino acids. The two amino acids, 
glutamic and aspartic (and their corresponding amides and a-keto acids), 
are known to be of special importance in intermediary protein metabolism 
in plants (15, 16). Unfortunately little is known about the influence of 
individual or combinations of different amino acids on the synthetic reac- 
tions of protein. In the second place, the possibility exists that protein 
synthesis is not a simple reversal of proteolysis. 

The synthesis of peptides by condensation of glvoxals with amino com- 
pounds, followed by dehydrogenation and transamination, has been sug- 
gested by Linderstrom-Lang (17). More recently Herbst and Shemin 
(18) have actually demonstrated the in vitro synthesis of dl-alanylalanine 
from pyruvylalanine by non-enzymatic transamination in aqueous solu- 
tion and have presented an attractive scheme for biological peptide syn- 
thesis from keto and amino acids. ‘This scheme complements the classical 
concept of peptide synthesis and is consistent with the findings of Schoen- 
heimer and his coworkers on the lability of the peptide link. The schemes 
of Linderstrém-Lang and of Herbst and Shemin possess features which 
are consistent with the facts presented in this paper, in addition to provid- 
ing a direct rOle for transamination in protein synthesis. Thus the fact 
that transaminase activity increases ahead of protein synthesis in the 
germinating oat seedling is in keeping with the above. Since an active 
carbohydrate metabolism makes its appearance in the germinating oat 
seedling at about the same time that the rate of protein synthesis increases 
rapidly (13), a ready source for a-keto acids and possibly glvoxals is 
provided. While it is not certain that glyoxals are normal metabolic 
intermediates, it has been shown that germinating peas and beans are 
capable of converting hexose diphosphate to methylglvoxal (19), and that 
this activity increases with time of germination. The apparent metabolic 
relationship of protein synthesis, carbohydrate metabolism, and transami- 
nation in the germinating oat seedling is thus in keeping with the above 
schemes. In assessing the possible réle of transamination in intermediary 
metabolism the schemes of Linderstrom-Lang and of Herbst and Shemin 
offer a more reasonable working hypothesis than the suggestion that 
transamination merely serves to rearrange or intereconvert amino acids. 


SUMMARY 
|. The transamination reaction 


a 
(1) 1(+)-Glutamie acid + oxalacetje acid —— 
b 


a-ketoglutaric acid + [(—)-aspartie acid 
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© has been studied in homogenates of developing oat embryos. The opti- 
- mum pH of the system is 8.6. Reaction 1, a proceeds at a rate 3 times as 
e fast as Reaction 1, b. 
. 2. ‘Transaminase activity and non-protein nitrogen (75 per cent of which 
is amino nitrogen) increase more rapidly than total protein during the 
i first 72 hours. After this time they increase at parallel rates up to 120 
if hours. 
.. 3. Qeeansamination Values of oat embryos, calculated on the basis of protein 
n content, increase with time and reach values of the order of 900 after 96 
hours development. 
os 4. The relationship of transamination to protein synthesis is discussed. 
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ACID-SOLUBLE PHOSPHORUS COMPOUNDS OF 
CEREBRAL TISSUE 


By WILLIAM E. STONE 
(From the Department of Surgery, Wayne University College of Medicine, Detroit) 


(Received for publication, March 25, 1943) 


Analysis of cerebral tissue after fixation tn situ with liquid air (7) seems to 
offer the nearest presently available approach to the chemical composition 
of the brain in the living animal. Studies of acid-soluble phosphorus com- 
pounds by this method have demonstrated the presence of inorganic phos- 
phate, phosphocreatine, adenosine triphosphate, and possibly guanosine 
triphosphate (7, 9, 18). There still remains a quantity of organic acid- 
soluble phosphorus which has not been chemically identified. In a pre- 
vious paper (18) this was tentatively designated ‘“‘hexose phosphate.”’ 

The present paper describes an improved method for the separation 
and determination of the acid-soluble phosphorus compounds. The 
unidentified fraction has been found to include at least three substances, 
(a) one which behaves like hexose-6-monophosphate, (6) one which is 
thought to be aminoethyl phosphate, and (c) one which is ethanol-soluble 
and probably corresponds to a substance isolated from cerebral tissue by 
Booth (1). The revised method includes a procedure for the quantitative 
determination of ribose of the nucleotides or their decomposition products. 


Analytical Methods 


Determination of Phosphorus—The method of Fiske and Subbarow (5) 
has been adapted for use with the photoelectric colorimeter (Coleman 
universal spectrophotometer). 

Readings are taken at a wave-length of 750 muy, against a reagent blank. 
Under standardized conditions of temperature and time the optical density 
is strictly proportional to the phosphate concentration over the full range 
of the instrument. It has been found satisfactory to allow the color 
development to take place at room temperature, the readings being taken 
after a measured time interval: 33 + 3 minutes at 20°, 20 + 3 minutes at 
25°, 12 + 3 minutes at 30°, or interpolated values. Either sulfuric or 
hydrochloric acid may be used. 

For the determination of total phosphorus in the different fractions, ali- 
quots are digested with sulfuric and nitric acids (5, 18). Usually 1 ce. 
of 10 \ sulfuric acid is used, with dilution to a final volume of 20 cc. for the 
color development. This is suitable for amounts of phosphorus up 
to 0.08 mg. 
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For all other phosphate determinations a final volume of 10 ec. is used, 
covering a range of 0.002 to 0.04 mg. of phosphorus. 

Ribose Component of Nucleotides Bial’s reagent’ can be used for the 
quantitative microdetermination of the pentose content of a trichloro- 
acetic acid filtrate. Such tissue extracts may contain several nucleotides, 
all of which upon heating in strong acid solution are hydrolyzed with the 
formation of ribose monophosphate, and which would therefore all give 
the same color intensity per mole when treated with Bial’s reagent. In 
addition, there may be small amounts of nucleoside or of free pentose in 
some specimens, but the pentose-containing substances present in normal 
brain tissue frozen tn sifu are precipitated as calcium salts by alkaline 80 
per cent ethanol, and therefore are thought to be nucleotides. 

A standard solution of adenosine triphosphate was prepared as follows: 
A trichloroacetic acid filtrate of fresh rabbit skeletal muscle was neutralized 
with calcium hydroxide, and ethanol added to 10 per cent. The pre- 
cipitate, containing adenosine triphosphate, was dissolved in a little 
hydrochloric acid and the nucleotide precipitated with uranyl acetate as 
described by Kerr (8). The precipitate was dissolved in a few dropsof 
1 ~ hydrochloric acid, diluted to a suitable volume, and standardized by 
determination of the purine nitrogen (8). The solution contained 0.0173 
mg. of purine nitrogen per cc., which corresponds to 0.0230 mg. of adeno- 
sine triphosphate phosphorus or 0.0077 mg. of ribose monophosphate 
phosphorus per cc. Determination of the acid-hydrolyzable phosphorus 
(10 minutes at 100° in 1 N HCl) gave 0.0152 mg. per ec., in close agreement 
with the theoretical two-thirds of the adenosine triphosphate phosphorus. 
The solution contained inorganic phosphate from the muscle and a trace 
of “residual organic phosphorus” (probably hexose monophosphate). 

Suitable dilutions of this standard were prepared. To 3 ce. aliquots 
were added 6 ec. portions of Bial’s reagent. The tubes were heated in a 
boiling water bath, cooled, and read in the photoelectric colorimeter. It 
was found that full color intensity was reached after a 10 minute heating 
period, with no further change on heating for another 10 minutes. There- 
fore a heating period of 10 minutes was adopted as standard procedure. 
The transmittance curve showed a minimum at 680 my. This wave-length 
was chosen for the readings, which were taken against a reagent blank. 
The optical density was found to be proportional to the concentration 
of the nucleotide over the full range of the instrument. 

For the determination, a suitable aliquot of the unknown solution is 
diluted to 3 ec. and heated with 6 cc. of Bial’s reagent as above. All 
results have been calculated as ribose monophosphate phosphorus, by use 


' Prepared by dissolving 200 mg. of orcinol in 56 cc. of concentrated hydrochloric 
acid and adding 0.2 ec. of 10 per cent ferric chloride. 
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of the proportionality constant derived from the determinations on standard 
solutions. ‘The procedure ts satisfactory over a range of 0.0004 to 0.004 
mg. of ribose monophosphate phosphorus. The constant must be deter- 
mined for the instrument used. The value found in this laboratory has 
been checked with a second standard solution prepared from rabbit muscle. 

Bial’s reagent darkens on standing, but tests with standard soluticns 
showed that the intensity of color development at 680 my, as determined 
against a reagent blank, remains constant over a 10 day period. 

Tests on a solution of d-arabinose indicated that this pentose is not a 
suitable standard for the determination. The transmittance curve ob- 
tained was indistinguishable from that of the adenosine triphosphate 
standard, but the rate of color development was much slower, giving only 
68 per cent as high an optical density per mole after a 10 minute heating 
period, and 77 per cent after 20 minutes. 


EXPERIMENTAL 


Conditions for Separation of Nucleotides—\In attempts to adapt the pre- 
viously described fractionation method (18) for use with the photoelectric 
colorimeter and to carry out further separations, it was found that the 
precipitation of adenosine triphosphate by calcium hydroxide was un- 
satisfactory. Further study was therefore made of the conditions re- 
quired for this precipitation. 

Trichloroacetic acid extracts were prepared from dog cerebral tissue 
frozen in situ. To each aliquot was added a weighed amount of finely 
ground calcium hydroxide not quite sufficient to neutralize the acid present, 
and the neutralization was completed by the dropwise addition of a 1 per 
cent suspension of calcium hydroxide to a pale pink phenolphthalein end- 
point. Different amounts of excess 1 per cent ca'cium hydroxide were 
then added as indicated in Table I. In order further to decrease the 
solubility of the precipitate, neutralized ethanol was added to a concen- 
tration of 10 per cent in every case, previous experiments having shown 
that this does not cause precipitation of any phosphocreatine. Various 
temperatures and time periods were allowed for the precipitation, as in- 
dicated in Table I. After centrifuging and washing, the precipitates were 
dissolved in dilute hydrochloric acid and the fractions analyzed. 

The results are presented in Table I. The addition of excess calcium 
hydroxide decreased the amount of acid-hydrolyzable phosphorus in the 
solution, while more inorganic, acid-hydrolyzable, and ribose monophos- 
phate phosphorus appeared in the precipitate. It is evident that in the 
presence of excess calcium hydroxide the adenosine triphosphate is slowly 
hydrolyzed, forming inorganic phosphate and adenylic acid. This reaction 
has previously been observed by Lohmann (11). The adenylic acid formed 
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Precipitation of Cerebral Nucleotides by Calcium Hydroxide 
Ppt Solution 
Excess 
Dog No. 3(0H): | Conditions of pptn 
| phosphate lyzable 
mec. per me. per mc. per me. per mec. per 
inom om. om 100 om 
| hr. at 25° 8.0 5.0 9.7 3.9 7.3 
0.1 | 6.2 12.8 2.6 2.4 
0.2 10.1 6.5 12.6 2.49 2.0 
0.3 ae ae 10.4 5.4 11.2 3.6 2.8 
1.0 11.8 6.4 12.2 3.4 1.2 
0 18 hrs. at 10° 8.0 6.1 12.1 4.5 6.0 
0.15 t hr. at 25° 10.9 6.4 12.3 ‘1 4.1 | 
| 0 14 hrs. at 10° 10.1 7.0 14.4 3.5 2.1 : 
ACID FILTRATE | 
Tote! P CofOrje, | 
10% 
| 
PRECIPITATE SOLU TION 
Excess | 
inorgomec P 
PRECIPITATE SOLUTION 
Decomposed Prospho- Acid Stable Pentose 
Adenosine Creotine Hydrol P Orgome P 
Triphosphote 
Mevtrolize 
Adenosine Ce- insoluble ; 
Triphosphate Residuo! P 
PRECIPITATE SOLUTION 
| E !honot- Sotubie 
Pentose Ethanol- insoluble Stedie P 
P 
Urany! 
1 
PRECIITATE SOLUTION 
Extroct with Urony!- Soluble 
Residvol P 
a 
PRECIPITATE EXTRACT 
Urany!- insotuble Soluble 
Residual P Resduo! P 
(Amuncethyiphos 


Fic. 1. Outline of fractionation of acid-soluble phosphorus compounds 
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passes into the centrifugate. On the other hand, if the solution is not 
sufficiently alkaline, the precipitation of undecomposed adenosine triphos- 
phate is not quantitative and appreciable quantities of acid-hydrolyzable 
phosphorus appear in the centrifugate, as Kerr has recently pointed out 
(9). These conclusions have been confirmed by other experiments in 
which the precipitated calcium adenosine triphosphate was dissolved and 
reprecipitated in the presence of varying amounts of excess calcium 
hydroxide. A previously reported experiment of this type (18) showing 
complete precipitation could not be confirmed. 

The substitution of barium hydroxide for calcium hydroxide gave some- 
what variable results, but here also part of the nucleotide remained in the 
solution. The use of barium hydroxide was not further investigated. 

The procedure finally adopted for the separation, outlined in Fig. 1, 
reduces the solubility of the adenosine triphosphate to a minimum and 
provides a means of correcting for the small amount of decomposition 
which occurs. 


Fractionation Method 


Inorganic Phosphate and Adenosine Triphosphate—An approximately 
1:10 extract of the tissue is prepared with iced 5 per cent trichloroacetic 
acid as previousl¢ described (18). To a 20 ce. aliquot of the filtered 
solution in a short tapered centrifuge tube are added 2 drops of 0.1 per cent 
phenolphthalein and a previously weighed quantity of finely ground 
calcium hydroxide (about 200 mg.) almost sufficient to neutralize the acid 
present. The neutralization is completed to a pale pink by the dropwise 
addition of a 1 per cent suspension of calcium hydroxide. Neutral ethanol 
is added to 10 per cent, the end-point readjusted if necessary, and the tube 
allowed to stand in ice water for 15 minutes. It is then centrifuged and 
the solution decanted into another centrifuge tube. The precipitate is 
washed with 2 ec. of a calcium trichloroacetate-10 per cent ethanol solu- 
tion prepared by carrying out a blank precipitation, and the washings 
added to the centrifugate. 

The precipitate so obtained contains the inorganic phosphate and a 
large proportion of the adenosine triphosphate. It is dissolved in a few 
drops of | N hydrochloric acid and diluted to 10 ce. Inorganic phosphate 
is determined on a 1! ce. aliquot. A slight turbidity may occur in this 
solution but may be removed by centrifuging during the period of color 
development. The remainder of the solution is reserved for the determina- 
tion of nucleotides. 

To the centrifugate from the first precipitation, 0.1 volume of the 1 
per cent calcium hydroxide suspension is immediately added. The tube 
is allowed to stand in ice water for 1 hour, centrifuged, decanted, and the 
precipitate washed with 2 cc. of the wash solution to which has been 
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added 0.1 volume of 1 per cent calcium hydroxide. This precipitate 
contains the remainder of the undecomposed adenosine triphosphate, 
together with a small amount of inorganic phosphate which has been 
formed by the decomposing action of the calcium hydroxide. The pre- 
cipitate is dissolved in a few drops of 1 N hydrochloric acid and diluted to 
10 ce. Determination of the inorganic phosphate on a 2 cc. aliquot per- 
mits calculation of the amount of adenylic acid formed and carried ove, 
into the soluble fraction, since two of the three phosphate groups have 
been split off. 

Equal volumes of the two redissolved precipitates are mixed, and the 
following aliquots taken, | cc. for total phosphorus, | ec. for acid-hydrolyz- 
able phosphorus, and 0.4 ec. for ribose determinations. Acid-hydrolyz- 
able phosphorus is calculated as the difference between the amount found 
in the combined precipitates after acid hydrolysis (10 minutes at 100° 
in | N HCl) and the inorganic phosphate in the first precipitate, and 
needs no correction. To the ribose monophosphate phosphorus is added 
half the inorganic phosphate present in the second precipitate, which 
value corresponds to the amount of adenylic acid lost to the centrifugate 
through decomposition of adenosine triphosphate. 

The “residual organic phosphorus” in the combined calcium precipitates 
is calculated by subtracting the inorganic, acid-hydrolyzable, and un- 
corrected ribose monophosphate phosphorus from the total phosphorus 
in this fraction. 

Analysis of Soluble Fraction-—The solution remaining after separation 
of the insoluble calcium salts is diluted to 32 ce. and the following aliquots 
taken, 2 cc. for phosphocreatine (6), 1 cc. for pentose, 2 ec. for acid- 
hydrolyzable phosphorus, and 2 cc. for total phosphorus determinations. 

Fractionation with 8O Per Cent Ethanol —A 24 ce. aliquot of the soluble 
fraction is neutralized to a faint pink with trichloroacetic acid. 5 volumes 
of cold 95 per cent ethanol (made faintly alkaline after addition of 2 drops 
of 0.1 per cent phenolphthalein per 100 cc.) are added and the end-point 
readjusted if necessary to a pale pink. The mixture is allowed to stand 
in the refrigerator overnight, and the end-point readjusted an hour before 
separation. The precipitate is all collected in a single 40 cc. short tapered 
centrifuge tube by strong centrifugation of successive portions, and washed 
with neutral 80 per cent ethanol. 

The precipitate contains part of the “residual organic phosphorus,” 
together with all but traces of the phosphocreatine and pentose. It is 
dissolved in 10 ec. of 0.1 \ hydrochloric acid and diluted to 15 ec., and 1 ce. 
aliquots are taken for the determination of total, acid-hydrolyzable (in- 
cluding phosphocreatine), and ribose monophosphate phosphorus. The 
“residual organic phosphorus” in this and subsequent fractions is cal- 
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culated by subtracting the acid-hydrolyzable and ribose monophosphate 
portions from the total phosphorus present. 

The ethanol-soluble fraction is evaporated to dryness in an air current 
at room temperature, dissolved in water, diluted to 15 ec., and 2 ce. 
aliquots are taken for determination of total and acid-hydrolyzable phos- 
phorus. The amounts of acid-hydrolyzable phosphorus and usually of 
pentose in this fraction are negligible if the proper pH has been maintained 
during the precipitation. Any pentose in this fraction is probably free 
or in the form of nucleoside; under abnormal conditions such decomposi- 
tion products of adenosine triphosphate might be expected to appear (9), 
and such is the case in brain tissue post mortem. No correction for 
ribose monophosphate is made in calculating the “residual organic phos- 
phorus” of this fraction. 

It is important that the precipitation with ethanol be carried out at the 
proper pH. If the ethanol is added without previous neutralization of 
the excess calcium hydroxide, the ethanol-soluble fraction is precipitated, 
and upon being redissolved in trichloroacetic acid is found to have lost its 
characteristic solubility in ethanol. 

Further Fractionation with Uranyl Acetate ~The ethanol-insoluble frac- 
tion may be subdivided by precipitation with uranyl acetate (8) and 
extraction of the precipitate with barium hydroxide (2).2 A 10 ce. aliquot 
is neutralized with 2.5 ‘ sodium hydroxide and made just acid to phenol- 
phthalein by the dropwise addition of 2 per cent acetic acid. A 0.5 ce. 
portion of a saturated solution of uranyl acetate is added and at least 10 
minutes allowed for precipitation. The precipitate is separated by 
centrifugation and washed with 2 ce. of a 1:50 dilution of the uranyl 
acetate solution. 

The uranyl! precipitate is suspended in 3 cc. of water, warmed to 50°, 
and 0.5 ce. of saturated barium hydroxide added. The tube is covered with 
Parafilm, allowed to cool to room temperature, and agitated for 1 hour. 
It is then centgifuged and the precipitate again extracted in the same 
manner, with | ce. of water and 0.1 ec. of barium hydroxide. After 
separation the precipitate is washed twice with 3 ec. portions of water. 

The precipitate is dissolved in 2 drops of | N hydrochloric acid and 
diluted to 10 ec. In the phosphate determinations on this solution a trace 
of barium sulfate forms, but is removed by centrifugation and apparently 
does not cause appreciable interference. 

The extract is treated with 0.25 ec. of 10 per cent sodium carbonate to 
precipitate the barium, diluted to 15 ce., filtered, and analyzed. Any 
phosphocreatine remaining undecomposed appears in the extract, while 
most of the nucleotide remains in the uranyl precipitate. 


* Colowick, personal communication. 
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There is usually a slight decomposition of organic phosphorus with 
formation of inorganic phosphate during the procedures involved in 
fractionation with uranyl acetate and barium hydroxide. 

The results of duplicate analyses are presented in Table I. 


Tasie Il 
Fractional Analysis of Acid-Soluble Phosphorus Compounds (Mq. per 100 Gm 


Fraction pptd. by calcium 


hydroxide Fraction not pptd. by calcium hydrovide 


Nucleotide Residual P pped by > 
P = per cent ethanol 
Sidia ia 
Brain frozen 15) 6.817.7 8.5 3.6 10.9 1.7 0.6 5.1 8.1 1.05.5 1.3 
in situ, 6.816.4 8.7 5.5 11.1 O.8 0.6 5.6 7.9 1.0 5.4 1.0 
nembutal 16 8.518.5 9.4 3.5 9.40.6 0.7 7.4 5.7 0.5 3.2 0.6 : 
8.518.5 9.4 3.9 940406 86 69 1.1/3.0 05 
17 7.218.6 9.7 4.0 0.9120568 5.00 28 1.4 | 
7.118.5 9.6 4.8 11.3 1.0 0.5 6.8 6.1 06 3.6 05 | 
Brain frozen 19 8.116.5 8.4 5.1 3.710.2 0.1 0.5 3.7 6.9 1.9 4.1 0.4 1.3 ) 
3 3.4 3.710.1 0.2 0.64.1741043 0 #41. 
8 3.7 3.710.838 0.9 4.7 8.42038 0 1.4 
8 4.2 4.011.1 0.7 0.9 5.2 7.8 1.91 4.0 O 1.6 
Brain, post- 18 34.2 4.4.5.7 2.8 6.5 0.40.1 2.24.17.2 32140. 07 
mortem | 34.9 3.956 2665 05 0 3.15.0 7.4 3 1 rs 0 0.6 
20 39.5 3.5.5.3 4.5 64 0.3 0.6 4.2 3.411.9 4.7 5.0 O.8 1.2 
40.1 3.55.6 3.9 6.8 0.4 0.3 4.2 4.7108 3.6) 5.2 0.9 1.4 
| 
bit | 
No. 
| 
Muscle 29.537.618.7 7.9 5.252.0 2.6 1.4 2.4 6.1 08 03 3.3 44 
29.7 36.5)18.7 8.2 5.254.2 0 1.5 2.1 7.3 0.40.1 4.8 4.3 
* Corrected. 
t As hexose monophosphate I. 
DISCUSSION 


Hexose-6-monophosphate—The residual organic phosphorus which ap- 

: pears in the fraction precipitated by excess calcium hydroxide and 10 per 
cent ethanol and the small trace usually present in the extracted uranyl | 
precipitate may consist largely of hexose--monophosphate. This state- | 


in situ, 8.316.1 8. 

morphine 21° 7.2:19.7) 9. 
(7.219.0 9. 

| . ment is based on determinations of the reducing power and on comparison 
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with the analysis of skeletal muscle* (Table If), the residual phosphorus of 
which is known to consist largely of hexose-6-monophosphate (3, 4). The 
amounts of residual phosphorus present agree approximately with the 
reducing power determined and calculated as described by Cori and Cori 
(3), except where postmortem autolysis has increased the reducing power 
of the Ca-insoluble fraction. The reducing substance in the Ca-insoluble 
fraction is precipitated by uranyl acetate. Determinations of reducing 
power of the fraction precipitated by 80 per cent ethanol gave variable 
results which were usually higher than would correspond to the residual 
organic phosphorus present. 

Aminoethyl Phosphate—The “residual organic phosphorus’’ extracted 
from the uranyl precipitate by barium hydroxide is thought to consist 
largely of aminoethyl! phosphate, since the procedure for its separation is 
an adaptation of that used by Colowick and Cori (2) in isolating amino- 
ethyl phosphate from rabbit small intestine Outhouse (16) has found 
this substance in tumor tissue. No significant amount was found in the 
rabbit muscle analyzed (Table II). 

Ethanol-Soluble Fraction —The amount of acid-stable organic phosphorus 
remaining in the 80 per cent ethanol solution varied from 4 to 8.6 mg. per 
100 gm. of cerebral tissue in the experiments shown in Table II, and in 
one brain (experiment 12) has been found as high as 11 mg_ per 100 gm. 
That this represents a distinct fraction is indicated by the following ex- 
periments. 

An aliquot was evaporated to dryness in »> air current, redissolved in 
trichloroacetic acid, and the fractionation p cedure repeated. Most of 
the phosphorus again appeared in the ethanol sulution. Only 7.5 per cent 
appeared as acid-stable phosphorus in the ethanol precipitate, while 10 
per cent decomposed to inorganic phosphate. 

The fraction precipitated by 80 per cent ethanol was dissolved in tri- 
chloroacetic acid and reprecipitated by calcium hydroxide and 80 per cent 
ethanol with careful adjustment of the end-point. Only a trace of phos- 
phorus remained unprecipitated, indicating that the precipitation of the 
insoluble fraction is quantitative. 

The ethanol-soluble fraction in aqueous solution was found to remain 
unprecipitated in the presence of uranyl acetate. When precipitated by 
excess calcium hydroxide and 80 per cent ethanol, followed by uranyl 
acetate fractionation, it appeared in the uranyl-soluble fraction which 
normally contains very little acid-stable phosphorus. When the uranyl 


* Rabbit muscle (hind leg), stimulated at the rate of approximately three times 
per second for 30 seconds before the blood supply was interrupted; then removed, 
quickly weighed, and ground with sand and iced trichloroacetic acid. Modifications 
of the usual dilutions and aliquots were introduced when necessary. 


| 
in 
| | 
| 
} 

4 

| 


38 ACID-SOLUBLE P OF BRAIN 


fractionation was repeated in the presence of added inorganic phosphate, 
most of the organic phosphorus was again found in the uranyl! solution, 
but small amounts were carried into the other fractions. 

The existence of an ethanol-soluble fraction has been noted in brain and 
other tissues by Outhouse (16), and the substance was isolated by Booth 
(1), who tentatively identified it as the choline ester of sphingosinephos- 
phoric acid. Booth found that the substance was precipitated by acetone 
and by mercuric chloride in ethanol. 

In agreement with Booth’s report, it was found that addition of 5 vol- 
umes of acetone to the aqueous solution of the ethanol fraction caused 
precipitation of 67 per cent of the organic phosphorus. The precipitate 
contained nitrogen. However, no phosphorus was precipitated when the 
substance dissolved in absolute ethanol was mixed with 0.5 volume of a 
saturated solution of mercuric chloride in absolute ethanol. The sub- 
stance could not be extracted from aqueous solution by petroleum ether. 
No inorganic phosphate was split off in aqueous solution by excess calcium 
hydroxide in 6 hours at room temperature, nor was the organic phosphorus 
precipitated. When heated to 100° with calcium hydroxide for a few 
minutes, 12 per cent of the phosphorus appeared in the precipitate as in- 
organic phosphate and 23 per cent as organic phosphorus, while 65 per cent 
remained in solution. 

In experiments on two rabbits it was found that skeletal muscle con- 
tains not more than 2.5 mg. of ethanol-soluble phosphorus per 100 gm. 

The uranyl-soluble fraction normally contains a very small amount of 
“residual organic phosphorus.’ No suggestion as to its identity can be 
made at this time, nor has it been proved to be distinct from other frae- 
tions. 

Phosphoglyceric Acid—-The method of Rapoport (17) was adapted to the 
photelometric determination of 0.002 to 0.008 mg. of phosphoglyeceric acid 
phosphorus. For these small quantities it was found advantageous to 
reduce the concentration of the naphthoresorcinol to 0.25 mg. per ec. of 
concentrated sulfuric acid, and the time of heating to 20 minutes. Precip- 
itation as the lead salt was replaced by precipitation as the calcium salt. 

No phosphoglyceric acid could be detected in cerebral tissue. The solu- 
tions showed a darker color than the blanks, but the color was not blue 
and the transmittance curve was not the same as that obtained with phos- 
phoglyceric acid. 

Tests with known solutions showed that any phosphoglyceric acid pres- 
ent would be partly carried down by the first precipitation with calcium 
hydroxide and 10 per cent ethanol, and almost completely precipitated by 
the subsequent addition of excess calcium hydroxide. 

Triose Phosphate and Phosphopyruwate An adaptation of the method 
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of Meyerhot and Lohmann (15) failed to detect triose phosphate in the 
fraction precipitated by 80 per cent ethanol. Phosphopyruvate could 
not be detected in this fraction by the iodoform reaction (12, 14). The 
low values found for acid-hydrolyzable phosphorus in the Ca-soluble frac- 
tion are additional evidence that these or other acid-labile compounds are 
not present in appreciable quantities. 

Nucleotides —It was found that in the fraction precipitated by calcium 
hydroxide the corrected value for ribose monophosphate phosphorus nor- 
mally equals half the acid-hydrolyzable phosphorus,’ within the limit of 
error of the methods (Table 11). This is to be expected from the equilib- 
rium constants determined by Lehmann (10), according to which no measur- 
able amounts of adenosine diphosphate (or of adenylic acid) should occur 
in the presence of phosphocreatine. 

The amount of acid-hydrolyzable phosphorus (after subtraction of the 
phosphocreatine) found in the Ca-soluble fraction in normal dog brain is 
very small, usually less than | mg. per 100 gm., and may include a trace 
of adenosine triphosphate which has escaped precipitation. The average 
value found for pentose (calculated as ribose monophosphate phosphorus) 
in this fraction, corrected by subtracting the calculated amount resulting 
from action of calcium hydroxide on adenosine triphosphate, is 0.6 mg. 
per 100 gm., of which not more than 0.4 (half the acid-hydrolyzable phos- 
phorus) may represent unprecipitated adenosine triphosphate. A trace 
of red-brown color from interfering substances is also formed in the pentose 
determinations on this fraction. It is clear that the amount of pentose 
normally occurring unassociated with acid-hydrolyzable phosphorus is 
extremely small, and any increase which may be observed to occur under 
abnormal conditions is ettributable to breakdown of adenosine tri- 
phosphate. 

Postmortem Changes Two animals were killed by exsanguination, and 
cerebral tissue obtained for analysis about 30 minutes later. In the anal- 
yses, appropriate alterations were made when necessary in the aliquots 
used. The results indicate a great increase in inorganic phosphate, largely 
at the expense of phosphocreatine and adenosine triphosphate. In the 
ease of Dog 20 the increase was slightly larger than can be thus accounted 
for; similar observations have previously been reported (13, 18). Under 
these conditions the hydrolysis of phosphocreatine was practically com- 
plete. The adenosine triphosphate was largely decomposed; the part pre- 
cipitated by calcium hydroxide apparently consisted of adenosine diphos- 
phate, and pentose-containing decomposition products appeared in the 


* Kerr (9) has shown that the acid-hydrolyzable phosphorus associated with nu- 
cleotide represents mainly adenosine triphosphate, but may include a small amount 
of guanosine triphosphate. 
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Ca-soluble fraction. Approximately one-third of these was found to be 
soluble in 80 per cent ethanol, and probably represented nucleoside or free 
pentose. The part precipitated by ethanol was undoubtedly adenylic acid, 
since Kerr (9) has shown that no inosinic acid is formed. The present 
findings supplement those of Kerr on the autolytic changes in cerebral 
tissue. 

The corrected values for the ribose monophosphate fractions have been 
calculated in the usual way; the results would differ by about 0.7 mg. if 
decomposition of adenosine diphosphate instead of the triphosphate were 
assumed. The amount of acid-hydrolyzable phosphorus in the Ca-in- 
soluble fraction is slightly low even for adenosine diphosphate, but the 
limit of error is high where so great a value for inorganic phosphate must 
be subtracted. Occlusion of a small amount of adenylic acid may have 
occurred, The reducing power of the precipitate is unaccountably high. 

A postmortem increase in the uranyl-soluble phosphorus was noted. 
This may have been at the expense of the aleohol-soluble fraction, but the 
data are not conclusive on this point. 


SUMMARY 


1. An improved method is presented for the fractionation of the acid- 
soluble phosphorus compounds of cerebral tissue. 

2. A procedure is described for the determination of the ribose component 
of the nucleotides. 

3. The unidentified organic acid-soluble phosphorus of cerebral tissue 
includes at least three distinct substances, (4) one which behaves like 
hexose-6-monophosphate, (b) one which is thought to be aminoethyl 
phosphate, and (c) an ethanol-soluble substance. 

4. An analysis of the acid-soluble phosphorus compounds of skeletal 
muscle has been performed for comparison with the results on cerebral 
tissue. 

5. Attempts to detect the presence of phosphoglycerate, triose phos- 
phate, and phosphopyruvate in cerebral tissue were unsuccessful. 

6. The principal changes found to occur during 30 minutes of postmortem 
autolysis of cerebral tissue are the hydrolysis of phosphocreatine and 
the partial decomposition of adenosine triphosphate. The methods used 
indicate the presence of adenosine diphosphate, adenylic acid, a nucleoside 
or free pentose, and inorganic phosphate among the decomposition products 
of adenosine triphosphate. 


The writer is indebted to Lieutenant-Commander Charles G. Johnston, 
Medical Corps, United States Naval Reserve, for his encouragement in this 
research, to Major John E. Webster, Medical Corps, Army of the United 
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States, for assistance with surgical procedures, to Dr. 8. Rapoport for a 
sample of barium phosphoglycerate, and to the Wall Chemicals Division 
of the Liquid Carbonic Corporation for a generous supply of liquid air. 
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A NOTE ON THE IDENTITY OF A CARBONYL COMPOUND 
ISOLATED FROM BEEF LIVER 


By ALBERT L. LEHNINGER 


(From the Department of Physiological Chemistry, Medical School, 
University of Wisconsin, Madison) 


(Received for publication, May 3, 1943) 


In 1936, Cook and Harrison (1), in an investigation of the identity of the 
carbonyl! compounds isolated from beef liver by bisulfite extraction, ob- 
tained an unknown 2, 4-dinitrophenylosazone of the approximate molecular 
formula CeollyeOwNs, which apparently accounted for the major portion of 
the bisulfite-binding power of liver extracts (2). They were unable to 
suggest a structure for this compound from their data, but remarked that 
it was probably a derivative of some condensation product formed in 
intermediate metabolism. 

In the course of some work on the intermediate metabolism of fatty 
acids, this compound became of interest because of its possible significance 
as a metabolite, and work was begun on its isolation with the aim of deter- 
mining its structure. 


EXPERIMENTAL 


Several isolations of the osazone from beef liver were carried out, accord- 
ing to the directions of Cook and Harrison. No difficulty whatsoever 
was encountered in repeating their procedure. However, their statement, 
: “30 g. of 2:4-dinitrophenyvlhydrazine dissolved in 20 ml. con. HCI,” should 
be modified, since this amount of reagent is not soluble in 20 ml. of acid, 
but forms a thick paste. The osazone was purified according to their 
procedure and the vields of the aleohol-reerystallized product varied from 
| to 4 gm. per kilo of beef liver. 

The unknown osazone, which yielded a blue color with alcoholic KOH, 
° gave decomposition points (corrected) ranging from 173-177° after re- 
| crystallization from ethyl aleohol. Cook and Harrison reported 175°. 

Elementary analysis showed it to be identical with their compound. 
| Found, C 42.43, H 3.69, N 20.00 per cent. Cook and Harrison reported 
| C 42.32, H 3.58, N 20.12 per cent. 

It should be mentioned that the “recrystallization” from 97 per cent 
alcohol employed by Cook and Harrison usually resulted in an amorphous 
' material in our hands. Attempts were then made to recrystallize it from 
another solvent to obtain true crystals. The compound was successfully 
recrystallized from nitrobenzene, vielding thin, fibrous microscopic needles 
43 
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of an orange-red color, frequently arranged in rosettes. The ervstals were 
washed with nitrobenzene and benzene, and dried in vacuo over PO. 
The decomposition point was found to have risen to 240-242°, suggesting 
that the original compound as recrysta!lized from alcohol still harbored 
impurities. Another recrystallization from nitrobenzene established the 
decomposition point at 255-257°, which was not altered in five further 
recrvstallizations. Elementary analysis now vielded the following values: 
( 40.29, H 3.38, N 20.63 per cent. 

The data at this point strongly suggested that the compound was the 
2 ,4-dinitrophenylosazone of glucose, decomposition point 256-257°; caleu- 
lated, C 40.14, H 3.34, N 20.81 per cent (3). Cook and Harrison had 
stated that glucose 2,4-dinitrophenylosazone could not be found in their 
experiments, without further comment. The analysis of the alcohol- 
recrystallized compound naturally did not necessarily suggest this possi- 
bility. 

An authentic sample of glucose 2,4-dinitrophenyvlosazone was prepared 
by subjecting a 3 per cent solution of glucose, containing bisulfite, to the 
isolation procedure of Cook and Harrison, beginning at the point of addition 
of the hydrazine reagent. The alcohol-recrvstallized product gave a de- 
composition point at 177°, identical with that of the natural product. On 
repeated recrystallization from nitrobenzene, it assumed a constant de- 
composition point at 255-257°. The crystal structure was identical with 
that of the natural derivative; mixed melting point tests showed no de- 
pression. The analysis gave C 40.08, H 3.31, N 20.62 per cent, showing it 
to be probably identical with the natural product. About 90 per cent of 
the alcohol-recrystallized, natural product could be recovered as the pure 
glucose derivative. The impurities, which are believed to originate in the 
pyridine treatment of Cook and Harrison, were tarry in nature and resisted 
further purification. 

Further support for the conclusion that the isolated derivative is identical 
with glucose 2, 4-dinitrophenylosazone is as follows: 

Glucose has a slight bisulfite-binding capacity (2) which was found to 
be greatly increased on long standing. On concentration of such a solution 
in vacuo (as in the isolation procedure) the total bisulfite bound increases 
as expected from the data of Clift and Cook (2). The bisulfite-binding 
power of glucose is also destroyed by boiling with strong alkali. All these 
observations coincide with those made on the liver extract. 

When the acidified liver extract was freed of sulfur dioxide and extracted 
with ether, the unknown fraction was not removed by the ether. When 
the remaining water solution, which contained copper-reducing and fer- 
mentable compounds, was treated with sodium acetate and phenylhydra- 
zine hydrochloride, the typical glucose phenylosazone crystals were ob- 
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tained, which after reervstallization gave a melting point of 200° (authentic 
sample 202°), mixed melting point 200°. 

Other physical properties showed the liver compound to be identical with 
glucose 2,4-dinitrophenylosazone. Both compounds gave identical spec- 
tral transmittance curves in dioxane solution, showing a rather broad 
maximum at 445 mye. The specifie extinction coefficient at 445 my in 
dioxane was 57.2 + 2 at a concentration of 5.00 K 10~-* gm. per liter for 
both compounds. On treatment with alcoholic KOH both compounds 
gave an intense blue color, having identical absorption curves with a broad 
maximum at 550 my. 

Although the deep color of dioxane solutions prevented accurate readings, 
the specific rotations at 25° were found to be approximately identical, in 
the neighborhood of — 140°. 

Some experiments showed that the compound could be obtained from 
the liver of several laboratory species and, furthermore, that the time 
elapsed between death of the animal and the beginning of the isolation 
procedure had no great bearing on the character or quantity of the com- 
pound obtained. 

No other hydrazones or osazones could be found in any quantity by Cook 
and Harrison’s fractionation procedure from several beef or rat livers. 
There were traces of acid hydrazones in the 10 per cent alcohol fraction, 
but not enough to identify. Acetie acid 2,4-dinitrophenylhydrazide was 
isolated in confirmation of Cook and Harrison, although the vields were 
smaller. 


SUMMARY 


An unknown 2, 4-dinitrophenvlosazone (CsoHeeQwN«) isolated from beef 
liver by Cook and Harrison was further purified and found to be identical 
with glucose 2, 4-dinitrophenyvlosazone. 
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THE DETERMINATION OF ACID-SOLUBLE PHOs- 
PHOGLYCEROL IN LIVER 


By ERNST LEVA ano 8. RAPOPORT 


(From the Children's Hospital Research Foundation and the Departments of Pediatrics 
and Biological Chemistry, College of Medicine, University of 
Cincinnati, Cincinnati) 


(Received for publication, April 5, 1943) 


In the course of a series of unpublished studies on the turnover of acid- 
soluble phosphorus in the livers of rats changes have been found to occur 
in a fraction which appears to be composed mainly of phosphoglycerol. 
The presence of a-phosphoglycerol in the liver was first demonstrated by 
Fiske and Subbarow (1). Further studies of the metabolism of the phos- 
phoglycerol fraction necessitated the development of the method for its 
determination that is here reported, a method based on the work of Mala- 
prade (2), Fleury and coworkers (3, 4), and Bailly (5, 6). 

Fleury and Paris (3) found that periodic acid, which preferentially at- 
tacks adjacent hydroxyl groups, oxidizes a-phosphoglycerol to form 
formaldehyde and phosphoglycolaldehyde according to the reaction, 

OH OH 


| | 
POW, + HIO, = CH, + CH-—CH,—-O—PO,H, + HIO; + H,O 


while 8-phosphoglycerol is not attacked. In contrast to phosphoglycerol, 
the diose phosphate is easily hydrolyzable (4), yielding inorganic P and 
free diose. ‘Thus a determination of inorganic P after a preliminary oxida- 
tion and hydrolysis may serve as a measure of a-phosphoglycerol. The 
8 form also can be determined by means of the reaction discovered by 
Bailly (5, 7) that 90 per cent of the 8-phosphoglycerol is converted to 
a-phosphoglycerol by heating in acid solution. This transformation is 
reversible (6), and the same equilibrium is reached from either side. 

The determination of phosphoglycerol in tissues involves the following 
steps: After extraction of the tissue with trichloroacetic acid, interfering 
substances (mainly nucleotides) are removed by precipitation with mercuric 
acetate at pH 5 and the phosphoglycerol together with some other phos- 
phorus compounds is then precipitated with Ba, Hg, and glycine in 70 per 
cent methanol at pH Yto 10. The precipitate is decomposed and inorganic 
P is removed as magnesium ammonium phosphate. The a-phospho- 
glycerol is determined by oxidation with periodic acid and subsequent 
hydrolysis (heating for | hour in a boiling water bath with Nn H.SO,) of the 
phosphoglycolaldehyde to liberate inorganic P which is determined by the 
47 
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method of Fiske and Subbarow (8). The sum of a- and 8-phosphoglycerol 
is determined by heating the samples a short time in acid solution, before 
oxidation, to establish an equilibrium between the a- and 8-phosphoglve- 
erol. In glycogen-rich extracts only the sum of a- and 3-phosphoglycerol 
can be determined. 

Reagents 

Trichloroacetic acid, 5 and 20 per cent solutions. Keep in refrigerator. 

Indicators, phenol red, 0.04 per cent, and phenolphthalein, | per cent, 
solutions. 

Sodium hydroxide, 5 and 0.2 solutions. 

Mercuric acetate reagent, 20 gm. of mercuric acetate and 2 ce. of glacial 
acetic acid in 100 cc. of solution. 

Barium acetate, 50 gm. of BalCyHyQe)e-HeO in 100 ce. of solution, 
filtered. 

Barium hydroxide solution, saturated at room temperature. 

Glycine solution, 2 gm. in 100 cc. of water. 

Methanol, c.p. 

Sulfuric acid, 1 x, 5 and 10 solutions. 

Magnesium sulfate, 1 gm. of MgSQ,-7H.0 in 100 cc. of water. 

Concentrated ammonium hydroxide, sp. gr. 0.90. 

Sodium bisulfite, solid. 

Periodate reagent, 2.94 gm. of trisodium paraperiodate, NagH)1O., (G. 
Frederick Smith Chemical Company) in 100 cc. of 3 ~ HiSO,, giving a 0.1 
mM solution. 

Reagents of Fiske and Subbarow (8), for the determination of P. 


Procedure 


1. Preparation of Trichloroacetic Acid Extracts—-Remove the liver 
quickly from the anesthetized (nembutal) animal and drop it into dry ice- 
ether mixture. Remove it from the freezing mixture, weigh quickly, and 
then grind in a measured volume of 5 per cent trichloroacetic acid, using 
approximately 10 ec. of acid for | gm. of tissue. A Waring blendor is a 
valuable aid for the extraction, as it gives a homogeneous suspension in 2 
minutes. Allow the mixture to stand 5 minutes and filter. In calculation 
oi the dilution the tissue water is included. 

2. Removal of Nucleotides (and Other Interfering Substances) Measure 
10 cc. of the filtrate into a graduated centrifuge tube, add 1 drop of phenol 
red indicator, and adjust to a faint pink, using first 5 N and then 0.2 ~ 
NaOH solution. Add 0.6 cc. of the mercuric acetate reagent, and after 
the contents of the tube are mixed thoroughly with a glass rod remove and 
rinse the rod. A flocculent precipitate appears within a minute. Place 
the tube in the refrigerator for 1 hour, then centrifuge, and pour off the 
supernatant fluid with as complete drainage as possible into a 100 ce. 
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centrifuge tube. The amount of fluid adhering to the precipitate, less than 
0.2 cc., is disregarded. 

3. Precipitation of Phosphoglycerol—-To the solution in the 100 ce. 
centrifuge tube add | ce. of 50 per cent barium acetate, 0.35 cc. of 2 per 
cent glycine solution, and | drop of phenolphthalein indicator. Make the 
mixture alkaline with saturated barium hydroxide solution, and add 3 
volumes of methanol. Mix with a glass rod, remove and rinse the rod, and 
place the tube in a refrigerator overnight. 

4. Decomposition of Precitntate Containing Phosphoglycerol, and Removal 
of Inorganic P The next day, centrifuge and discard the supernatant 
fluid. Disperse the precipitate in 1 ec. of 20 per cent trichloroacetic acid, 
add 2 ce. of N H»SQ,, and remove the mercury by passing through the mix- 
ture a current of HS gas at room temperature. If the original extract is 
rich in glycogen, the HgS forms a colloidal suspension and the solution 
must be heated 20 minutes in a boiling water bath to hydrolyze the glyco- 
gen sufficiently to permit the flocculation of the HgS. ‘Transfer the pre- 
cipitate and washings to a volumetric flask or graduated centrifuge tube 
and bring the volume to 10 ce. After mixing, centrifuge, pour the 
supernatant fluid into a 50 ce. centrifuge tube, and remove the H.S by 
aeration for 5 minutes. Measure 8 cc. of the fluid into a graduated 15 cc. 
tube, then add to it 1 ec. of 1 per cent MgSO, solution and 1 drop of 
phenolphthalein indicator, and adjust to a definitely alkaline reaction with 
concentrated ammonium hydroxide solution. Scratch the side of the 
vessel with a glass rod to hasten the appearance of the MgNH,PO, pre- 
cipitate, remove the rod and rinse it with a few drops of water, and bring 
the solution to a convenient volume, usually 11 cc. After mixing by in- 
verting the tube, allow it to stand several hours, then centrifuge, and 
pipette the supernatant fluid into a dry test-tube. 

5. Oxidation and Hydrolysis of Phosphoglycerol--For oxidation of the 
phosphoglycerol transfer an aliquot, not exceeding 4 cc., containing ap- 
proximately 30 y of phosphoglycerol phosphorus to a 10 cc. volumetric 
flask. Discharge the pink color with | or 2 drops of 10 N HeSO,, and then 
add 0.5 ec. of the periodate reagent and water to make the volume 4.5 cc. 
After the solution has stood | hour at room temperature, reduce the excess 
periodate by adding solid NaHSQO, in small portions. At first iodine is 
liberated; then the solution becomes colorless as the iodine is reduced by 
the bisulfite. Add 0.4 ec. of 10 N H.SO, and immerse the flask in a boiling 
water bath. After 5 minutes firmly stopper the flask with a rubber stopper 
and continuethe heating | hour. Then cool the solution and determine 
the liberated inorganic P according to Fiske and Subbarow (8) using 1 cc. 
of the Molybdate IIT solution and 0.4 ec. of aminonaphtholsulfonic acid 
solution in a volume of 10 ce. 

The inorganic P is multiplied by the factor | /0.965 in order to obtain the 
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a-phosphoglycerol P in the aliquot. This factor was determined from the 
average yield of inorganic P from a-phosphoglycerol in pure solutions. In 
giycogen-rich extracts, which have been heated in step (4) of the procedure, 
an equilibrium is established between a- and 8-phosphoglycerol. In this 
case, the value for inorganic P is multiplied by the factor 1/0.862, as 
described in the next paragraph, to obtain the sum of both isomers. 

6. Determination of Sum of a- and 8-Phosphoglycerol— Transfer an aliquot 
(4 ec. or less) of the fluid for analysis into a 10 cc. volumetric flask, and add 
0.4 cc. of 10 ~ HeSO, and water to make the volume 4.5 ce. Heat the 
solution 20 minutes in a boiling water bath, cool the flask, add 0.5 cc. of 
periodate reagent, and then allow the mixture to stand 1 hour at room 
temperature. Reduce the excess periodate and proceed with the hydrolysis 
and determination of inorganic P as described in step (5), except that addi- 
tional H.SO, need not be added for the hydrolysis. The value for inorganic 
P found, multiplied by the factor 1/0.862 (based on the average vield of 
inorganic P from pure solutions of phosphoglycerol similarly treated) 
represents the sum of a- and 8-phosphoglycerol. 

EXPERIMENTAL 

Removal of Interfering Substances with Mercuric Acetate——As it was found 
that nucleotides interfered with the determination of phosphoglycerol, 
mercuric acetate in acetic acid solution was selected to remove them. This 
reagent was used by Kerr (9) in the preparation of adenosine triphosphate 
from muscle. Nucleotides are precipitated quantitatively. From liver 
extracts the reagent also precipitates a nitrogen-free (otherwise unidenti- 
fied) phosphorus compound, while leaving all the phosphoglycerol in the 
supernatant fluid. 

Precipitation of Phosphoglycerol—Various Pb, Cu, Hg, Ag, and Ba salts 
were tested for the precipitation of phosphoglycerol in the presence of dif- 
ferent amounts of methanol, ethanol, ether, and acetone. In mixtures 
containing 3 parts of methanol and | part of ether for | part of aqueous 
solution, the precipitation of the Cu salt was 48 per cent, that of the Ba, 
Hg, and Ag salts 80 to 92 per cent complete. The lead salt alone was 
quantitatively precipitated in pure solutions of phosphoglycerol. How- 
ever, only 85 per cent of phosphoglycerol added to trichloroacetic acid 
extracts of liver was precipitated as lead salt. At the same time it was 
found that precipitation with Ba and Hg together in approximately 70 
per cent methanol, which permitted recovery of about 80 per cent of phos- 
phoglycerol in pure solutions, was quantitative in the presence of liver 
extract. In the search for the factor, or factors, responsible for the 
improved recovery various nitrogenous compounds, including a number 
of amino acids, were tried. It was found that glycine, alanine, leucine, 


| 

1 

| 
| 
| | 

4 
iz 

i. 

& 

| 


E. LEVA AND 8. RAPOPORT 51 


cysteine, and tyrosine, the monoaminocarboxylic acids tried, were effective 
in improving the precipitation of phosphoglycerol. The other substances 
tried, namely ammonia, urea, arginine, glutamic acid, histidine, and trypto- 
phane, did not enhance the vield. It seems probable from these data that 
the amino acids in the trichloroacetic acid extract of liver, perhaps chiefly 
glutathione, are responsible for the improved yields in its presence. 

In Table I are summarized data illustrating the effect of Ba, glycine, 
and various concentrations of methanol on the precipitation of phospho- 
glycerol. 


Effect of Ba, Hg, Glycine, Methanol, and Ether on Precipitation of Phosphoglyceroi 
Samples of a-phosphoglycerol, containing 0.268 mg. of P, were precipitated as 
described under ‘‘ Procedure,’’ with mixtures of substances indicated. The precipi- 
tates were dissolved in N HNO,. Ba or Hg or both were removed, and the P was 
determined in an aliquot. 


Substances added Recovery of P in 
ppt. 


Ba Hg Glycine | Methanol | Ether. | 
mu mv col. vol. | per cent 
1.8 | 0.3 | 0.00 | 3 I | 99.5 
1.8 0.3 0.09 | 3 | 100.3 
1.8 | 0.3 0.09 | 2 | l | 95.5 
1.8 2 | | 80.7 
1.8 | 0.3 0.00 | 48.1 
1.8 245, | | 0 
1.8 | 0.3 3 I | 83.5 
0.3 0.09 3 | 1 57.5 


Standards—Two preparations of a-phosphoglycerol were used inter- 
changeably for the making of standard solutions. For one sample of 
barium a-phosphoglycerol we are indebted to Dr. J. J. Rae of the Depart- 
ment of Chemistry of the University of Toronto. Another sample was 
prepared in our own laboratory from sodium 8-phosphoglycerol (Eastman) 
according to the procedure of Bailly (5). The purity of both preparations 
was about the same, over 99 per cent, determined by a titration procedure 
similar to that of Voris et a/. (10). For standard solutions of 8-phosphoglyc- 
erol the Eastman product was used without further purification, since it 
proved to be free of a isomer. 

Time of Oxidation and Hydrolysis—Solutions of a-phosphoglycerol were 
incubated at room temperature with periodate for varying periods of time 
and the excess periodate was determined according to the method of 
Rappaport ef al. (11). It was found that 40 minutes were necessary for 
the reaction to become complete. The time required to hydrolyze the 
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oxidation product, phosphoglvcolaldehyde, was tested in another series of 
experiments, presented in Table Il. Based on these data | hour's oxida- 
tion time followed by 1 hour’s hydrolysis in ~ H.SO, in a boiling water bath 


Il 


Liberation of Inorganic P from a-Phosphoglycerol by Hydrolysis after 
Periodate Oxidation 
A standard solution of a-phosphoglycerol was oxidized with periodate as de. 
scribed under “‘ Procedure,”’ the excess periodate was removed with NaltSO,, and 
H.SO, was added to make the solution | x. The mixture was heated in a boiling 
water bath for the periods indicated, before the determination of inorganic P. 


Hydrolysis time Inorganic P found 

min per cent total P 
4} 

10 45.0 

15 

25 

40 03.5 

5* 

SO 06.5 


* Average of eight determinations, varying within +2 per cent. 


Taste Ill 
Conversion of a- and B-Phosphoglycerol by Heating in Acid Solution 
Solutions of a- and 8-phosphoglycerol were heated in xn H,SO, in a boiling water 
bath for varying periods of time as indicated. After cooling, they were oxidized, 
hydrolyzed, and the inorganic P was determined as described under ‘* Procedure.”’ 


Substance heated Time of heatire a-Phosphoglycero! 
min per cent total P* 

8-Phosphoglycerol | 5 | 67.1 
10 §7.2 
15 
25 
| 40 

a-Phosphoglycerol 2 80. 


* This value was calculated on the assumption that pure a-phosphoglycerol 
yields 96.5 per cent of its P as inorganic phosphate under the conditions of the 
experiment. 

t Average of eight determinations, varying within +2 per cent 


was chosen as routine procedure, giving an average yield of 96.5 per cent 
of inorganic P from pure a-phosphoglycerol (see Table I1). 

Transformation of a- and 8-Phosphoglycerol into Each Other—The con- 
version of 8- into a-phosphoglycerol after varying periods of heating with 
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Taste IV 
Influence of Other Phosphorus Compounds on Determination of a-Phosphoglycerol 


of Solutions of the compounds indicated in the table were precipitated with Ba, Hg, 
a- glycine, and 3 volumes of methanol as described under ‘‘ Procedure.’’ The precipi- 
th tates were dissolved, made up to 10 ce., and total P and inorganic P were determined 
after oxidation and hye droly ais. 
a-Phospho- 
Material! analyzed  P in sample glycerol P Total P found 
found 
| me me. me 
e. Monophosphogly ceric acid. 0 0.277 
rd Diphosphoglyceric acid 0.478 | 0.01 (?) 0.495 
ig Same with addition of 0.268 mg. of P of a- | | 
phosphoglycerol 0.7 
Fructose diphosphate 0.595 | 0.386 | 0.607 
Same hydrolyzed without previous oxidation. 0.595 0.406 0.607 
o-Phosphoglycerol | 0.239 | 0.01 (?) | 0.239 


TasBLe V 


Recovery of a-Phosphoglycerol from Pure Solutions and in Presence 
of Trichloroacetic Acid Extracts of Liver 


Pure solutions, liver extracts from both fed and fasted rats, and liver extracts to 
which known amounts of a-phosphoglycerol had been added were analyzed as de- 
scribed under Procedure.’ 


i 
| 
i 


| | 
| me. | me. | per cent mez. per cent : 
er 10 ec. trichloroacetic acid extract, | 0.244 | 0.283 | 0.372 7 
corresponding to 1.02 gm. liver, 0.248 | 0.287 0.376 
; rich in glycogen | | i 
Same with addition of 0.209 mg. 0.428 0.496 101.4 0.582 99.7 t 
| of P of a-phosphoglycerol «0.431 «| «(0.500 | 103.2 | 0.587 | 102.1 
Standard solution of a-phospho- 0.177 0.205 98.3 0.204 97.8 i 
glycerol containing 0.209 mg. P 0.177 0.205 98.3 0.203 97.4 
| x fat 
10 ce. trichloroacetic acid ex-| 0.185 | 0.192 | 0.288 
tract, corresponding to 1.23 gm. | | 
| liver, free of glycogen | | | 
Same with addition of 0.209 mg. 0.437° 0.453 = 97.4 0.557 100.4 | 
of P of a-phosphoglycerol 0.48 0.464 101.5 0.548 97.0 
e Standard solution of a-phospho- 0.193 0.200 96.0 0.206 98.8 
| glycerol mg. P 0.196 | 0.203 97.4 0.204 97.8 


* The values for i inorganic P were multiplied by 1/0.862 to correct for the average 
yield of inorganic P from pure a-phosphoglycerol after preliminary heating. This 


t procedure is necessary in extracts containing large amounts of glycogen. 

t The values for inorganic P were multiplied by the factor of 1/0.965 to correct 
\- for the average yield of inorganic P from pure a-phosphoglycerol solutions on oxi- 
h | dation and hydrolysis. 
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N H,SO, in a boiling water bath is shown in Table III. Equilibrium was 
established in less than 15 minutes when the mixture contained about 89 
per cent and 11 per cent of the a and 8 forms, respectively. Table III 
also shows the effect of heating solutions of a-phosphoglycerol in x H,SO, 
for 20 minutes preliminary to the oxidation with periodate. It is evident 
that the same equilibrium is reached whether one starts with pure a- or 
8-phosphoglycerol. 

Influence of Other Acid-Soluble P Compounds—Mono- and diphospho- 
glyceric acid, fructose diphosphate, and 8-phosphoglycerol were tested for 
possible interference with the method. The results are shown in Table IV. 


Tasie VI 
Acid-Soluble Phosphoglycerol Content of Various Tissues 
Tissue samples were collected and analyzed as described under “‘ Procedure.” 


mec. per 100 ce. mc. per 100 ce. mc. per 100 ce. 
Rat (fed) liver* 27.8 
‘* (fasted) livert.. 14.8 1.9 
— ll | 5.8 | 0 
11.0 1.6 
8.1 
Rabbit (fed) liver. . | 28.9 
kidney. .. 6.7 1.1 
8.3 | 1.8 
Pigeon (fed) liver................. 27.8 


* Average of sixteen determinations. 
t Average of eight determinations. 
t Pooled samples from three animals. 


It was found that the glyceric acid esters and 8-phosphoglycerol did not 
interfere. The amounts of inorganic P released from fructose diphosphate 
by hydrolysis, after incubation with periodate, were found to be the same 
as those liberated in comparable periods of acid hydrolysis alone. There- 
fore, satisfactory values for phosphoglycerol determined in the presence of 
fructose diphosphate should be obtained if the amounts of the inorganic P 
found after oxidation and hydrolysis are corrected for the inorganic P found 
after acid hydrolysis alone. 


Results 


In Table V are presented data on the recovery of a-phosphoglycerol from 
pure solutions, carried through the entire procedure, and on its recovery 
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when known amounts of a-phosphoglycerol were added to both glycogen- 
rich and glycogen-free extracts of rat liyer. The values for ‘inorganic P 
found in extracts containing glycogen after oxidation and hydrolysis, and 
in the standard solutions similarly treated, were multiplied by the factor 
1/0.862, based on the average vield of inorganic P from phosphoglycerol 
heated in acid solution before oxidation. The values for inorganic P in 
the glvcogen-free extracts and standard solutions similarly treated were 
multiplied by the faccor 1/0.965, based on the average yield of inorganic 
P obtained from phosphoglycerol after oxidation and hydrolysis. The 
recovery of phosphoglycerol was 96 to 99 per cent in pure solutions, and 
97 to 103 per cent in the experiments in which various substances were 
added. ‘The recoveries in terms of total phosphorus were in the same range. 

In Table VI are given some representative results on the acid-soluble 
phosphoglycerol content of the livers of rats, rabbits, and pigeons, and of 
some other tissues of rats and rabbits. Liver is by far the richest tissue, 
the livers of fed rats and rabbits containing over 25 mg. of phosphoglycerol 
per 100 gm. Livers of fasted rats contained significantly lower amounts. 
Little or no acid-soluble 8-phosphoglycerol was found in any of the tissues 
studied. The effects of diet on the distribution of P compounds in the 
liver will be reported in detail later. 


SUMMARY 


A method for the determination of acid-soluble a- and 8-phosphoglycerol 
in liver and other tissues is described, and results on the phosphoglycerol 
content of some tissues are presented. 
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THE DISTRIBUTION OF ACID-SOLUBLE PHOSPHORUS IN THE 
LIVERS OF RATS, FED AND FASTING 


By 8. RAPOPORT, ERNST LEVA, ann GEORGE MARTIN GUEST 


(From the Children’s Hospital Research Foundation and the Departments of Pediatrics 
and Biological Chemistry, College of Medicine, University of Cincinnati, Cincinnati) 


(Received for publication, April 5, 1943) 


In a previous study (1) dealing with the distribution of acid-soluble P in 
the liver we reported some data on differences between fed and fasted rats 
with regard to concentrations of the inorganic, the easily hydrolyzable, and 
the “‘rest’”’ organic P. In the study here reported the effect of varying 
periods of fasting was investigated, and a further differentiation of the or- 
ganic P was attempted, based on steps involved in the determination of 
phosphoglycerol. The acid-soluble P was divided as follows: (1) inorganic 
P; (2) easily hydrolyzable P, representing 67 per cent of the adenosine 
triphosphate plus 50 per cent of the adenosine diphosphate; (3) ‘“‘mercuric- 
insoluble”’ P, containing all the stable nucleotide P, which accounted for’ 
50 to 60 per cent of this fraction; (4) the sum of a- and 8-phosphoglycerol ; 
(5) residual P, representing substances precipitated together with phos- 
phoglycerol; (6) alcohol-soluble P, compounds yielding Hg and Ba salts 
soluble in 80 per cent alcohol. This fractionation procedure gave repro- 
ducible results, the sum of the fractions usually agreeing with the total 
acid-soluble P within less than 5 per cent. Attempts to identify chemical 
compounds among the various fractions are under way. 


Methods 


Male rats weighing 200 + 45 gm. from the stock of Sprague-Dawley, 
_ Ine., were used in all experiments. They were kept on the stock diet of the 
laboratory. Rats designated as fed had free access to food at all times, 
| while food was withdrawn from the fasted animals at varying times stated 
in Tables I to III before they were killed. The animals were anesthetized 
by intraperitoneal injection of nembutal, and the liver was quickly removed 
and dropped into a mixture of dry ice and ether. The frozen organ was 
weighed, and a trichloroacetic acid extract was prepared as described 
| elsewhere (2). 
Fractionation of Extract—-The inorganic P and the total acid-soluble P 
were determined in the usual manner (3). The easily hydrolyzable P was 
| determined by heating the extracts for 15 minutes in a boiling water bath 
with N sulfuric acid. The other fractions were determined in a common 
sample as follows: 10 cc. of extract were treated with mercuric acetate as 
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described in the phosphoglycerol method (2). After standing for 1 hour in 
the refrigerator, the material was centrifuged and the supernatant fluid was 
transferred to a 100 ec. centrifuge tube. The precipitate was dissolved in 
3 ce. of N H2SOy, Hg was removed with a current of H.»S gas, and the 
mixture was heated in a boiling water bath for 15 minutes to hydrolyze the 
nucleotide polyphosphates. 1 cc. of 1 per cent MgSO, was added, and the 
inorganic phosphate was precipitated as magnesium ammonium phosphate. 
After standing overnight the tubes were centrifuged, the precipitate was 
washed once with diluted ammonium hydroxide, the combined super- 
natant fluids were made to a definite volume, and the total P was de- 
termined in a convenient aliquot. The stable P of adenosine di- and tri- 
phosphate and probably adenylic acid accounts for 50 to 60 per cent of the 
P in this fraction, designated as ‘‘mercuric-insoluble.”’ In addition at least 
one other nitrogen-free compound is present. To the supernatant fluid of 
the mercury precipitate, barium acetate, glycine, and methanol were added. 
The resulting precipitate was decomposed, the inorganic P was removed, 
and the phosphoglycerol P and total P of this fraction were determined (2). 
the difference between the total P and the phosphoglycerol P represents the 
residual P. The supernatant fluid of the precipitate containing phospho- 
glycerol was evaporated, barium and Hg were removed, and the total P 
in this fraction, designated as alcohol-soluble P, was determined. This 
fraction probably contains the compound thought to be choline sphingosine 
phosphate, isolated by Booth (4) from kidney, and by Strack ef al. (5) 
from the liver of cattle. 

These fractions together accounted for about 95 to 102 per cent of the 
independently determined total acid-soluble P. 

The data were analyzed statistically according to the methods of 
Fisher (6). 


Results 


In the first two rows of Table I are presented the mean concentration 
values of the total acid-soluble P and of its fractions in the livers of fed rats 
and of rats fasted for 24 hours. Differences between these two groups and 
estimates of their significance are summarized in the first row of Table II. 
The data indicate that fasting produced a small, but statistically signif- 
icant, decrease of the total acid-soluble P. The inorganic P was markedly 
increased, while the easily hydrolyzable and the phosphoglycerol fractions 
were greatly diminished. Of the other fractions, only the residual P seemed 
to show a significant change. It is of interest to compare these results with 
experiments reported previously (1) in which another strain of animals, 
maintained on a different diet, was used and a different method was em- 
ployed to prepare the trichloroacetic acid extracts. The values for the fed 
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rats are much the same in both series. The fasted rats of the present series, 
on the other hand, show considerably higher values of inorganic P and lower 
ones of the easily hydrolyzable P. In the previous series the fasted group 
had been deprived of food for 16 to 18 hours, while in the experiments here 
reported the animals were fasted for 24 hours. The explanation sug- 
gested itself that the differences found between the two series might be ac- 
counted for by the varying periods of fasting. This would imply that im- 
portant changes in the concentrations of the various fractions of phosphorus 


take place in the period between 16 and 24 hours of fasting. To examine 


TaBLe I 
Mean Concentrations of Acid-Soluble P in Livers of Rats 


Total Easily Phospho- “Mercuric-. Alcohol- 
p. | | hydvolys- | insoluble” Residual soluble | fractions: 
' mean an Mean mean and mean an 
meanand ands.& mean ane ands.x. | gs. | sz. 


5.F. 


mc. per me. per ome. per | me. per mg. per per me. per 


100 om. 100 om. 100 om. 100 em. 100 100 gem. =— «100 em. | 
Fed 103.9 178 168 278 27.5 58 6.7 | 101.4 
+17 +06 +05 +08 +04 +407 =+05 | +1.5 
No. of de- 2 16 10 
termina- | | 
tions | 
Fasted 24 98.2 29.3 10.4 | 16.5 | 22.6 | 3.5 | 58 | 94.1 
hrs. +06 +03 +405 +05 +06 +403 £4+41.2 
No. of de- 34 20 20 34 16 20 —=6.20 
termina- | | 
tions | 
Fasted 48 89.2 23 #2107 «24182 29 # £1.46 4.3 89.0 
brs. or +1.2 +09 +05 +05 | 40.4 | 40.3 | 40.3 | 41.3 
more 
No. of de- 13 13 
termina | | 
tions | | 


this point further, a number of rats were fasted for periods of time varying 
from 12 to 96 hours. 

In Table III are presented the individual data on the distribution of 
phosphorus in the livers of rats fasted for varying periods of time. They 
indicate that the inorganic P was increased as early as 12 hours after the 
withdrawal of food to reach maximum levels after 24 hours. In animals 
fasting 48 hours or longer it appears somewhat decreased as compared with 
the 24 hour level. The easily hydrolyzable P and the phosphoglycerol P, 
following similar patterns of change, were at their lowest levels after 24 
hours, and did not change further during the more prolonged periods of 
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fasting. ‘The “‘mercuric-insoluble’’ P remained substantially unchanged 
throughout. The total acid-soluble P was decreased by about 15 per cent 
after fasts of 48 hours or longer. At that time the residual and the al- 
cohol-soluble fractions were also diminished. 

The data on the animals fasting 48 hours and on those fasting longer 
periods, because of their evident uniformity, were combined to yield the 
averages and standard errors summarized in the third row of Table I. 
The differences between the animals fasted for 24 hours and those fasted for 


Tassie Ill 
Distribution of Acid-Soluble Phosphorus in Livers of Rats Fasted Varying Periods of 
Time 

Total Easily §Phospho- ‘Mercuric- le 

Rat Hrs. of Inorganic ; » Residual Alcohol- | Sum of 

- acid- hydrolyz- glycerol insoluble 

No. fast soluble Pp P able Pp P P P soluble P | fractions 
mc. per mec. per mc. per me. per me. per me. per mc. per | me. per 
100 om. 100 om. 100 om. 100 em. | 100 em. | 100 gm. | 100 gm. | 100 gm. 


GZ 12 106.8 24.2 12.8 28.2 26.3 108.1 


| 12 110.2 | 2.2 | 14.5 | 27.0 | 20.0 | 4.6 6.7 105.0 
Gi9 12 101.4 | 21.4 | 13.1 26.0 

G20 12 10.0 22.8 3.0 | 2.7 | ay 

G3i | 48 | 98.3 | 31.6 8.8 18.2 | 27.9 3.3 6.0 94.7 
G32 48) 8.1 I8.0 30.7 1.4 3.4 | 98.3 
G45 | 48 | 94.4 | 27.2 9.9 | 17.7 | 28.2 | 1.4 4.7 | 80.1 
G6 48 | 8.7 | 2.7 | 100 165 | 80 | 0.9 4.5 85.6 
G33 | 72 | 77.5 | 2.3 | 7.5 17.0 | 23.9 1.0 3.4 76.1 
GM | 72 | 92.7 | 25.4 11.9 | 22.4 | 2.1 | -0.6 3.3 90.5 
G7 | 72 | 8.9 , 28.3 | 11.3 | 17.3 | 28.0 1.6 4.0 90.5 
Gas 72 | 4.2 | 12.2 16.2 | 2.2 2.1 4.8 | 88.7 
G3 96 (88.5 26.9 13.1 18.1 25.9 2.8 3.6 90.4 
G3 59 27.1 10.2 17.4 26.6 3.2 3.1 | 87.6 
G57 6% 88.5 26.0 9.6 18.6 | 27.2 1.4 4.1 86.9 
G5 % 91.5 22.0 12.6 20.5 28.6 1.7 5.3 90.7 
G30 9 91.6 22.1 12.9 18.8 29.7 1.7 5.7 | 90.9 


| 


— 


48 hours or longer and the estimates of their significance are recorded in the 
second row of Table II. It can be seen that significant decreases of the in- 
organic, the residual, and of the alcohol-soluble P were found after the 
longer periods of fasting, in addition to the statistically very significant de- 
crease of the total acid-soluble P. A slight increase of the phosphoglycerol 
is also suggested. 

DISCUSSION 


The significance of the changes in the distribution of phosphorus during 
fasting is as vet uncertain. In themselves they do not indicate either the 
direction or the extent of possible changes in the rates of turnover of the 
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phosphorus compounds in the liver. It seems likely that the new pattern 
in the distribution of phosphorus caused by fasting is correlated with some 
change in the metabolism of the body, probably with the shift from the 
combustion of carbohydrates to that of proteins and fats. This assumption 
is supported by the fact that the fasting levels of liver glycogen and the 
phosphorus changes occur at the same time. 

The striking similarity between the changes of easily hydrolyzable and 
phosphoglycerol P is not explained by any of the current theories of the 
interrelationships between phosphorus compounds. Although these two 
fractions differ widely in their chemical stability, both appear labile tn vivo. 
The changes of the inorganic P during fasting bear an obvious inverse rela- 
tionship to them. Together, these three fractions form an apparently 
closely connected group. On the other hand, the fourth main fraction 
studied, the “‘mercuric-insoluble”’ P, appears unchanged during the fast. 
It is rather surprising that the changes of easily hydrolyzable P, representing 
the labile phosphorus of the nucleotides, are not reflected in changes in the 
“mercuric-insoluble”’ fraction, which contains the stable portion of the 
nucleotide P.' This would indicate that the concentration of the stable 
portion of nucleotides may remain constant, even though its degree of labile 
phosphorylation varies. This would mean that a changing mixture of 
nucleotides would be found in different conditions. That is, in fasting 
animals a larger proportion of the nucleotides would be present in the form 
of adenylic acid and adenosine diphosphate, and a smaller proportion in the 
form of triphosphate, as compared with fed animals. 

The decrease of the total acid-soluble P concentration in the liver may 
perhaps be related to the acidosis of fasting. A much greater amount of 
phosphorus is lost owing to the decreased liver weight of fasted animals. 
Fasting for 24 hours reduced the liver weight from 9 gm., 4.6 per cent of 
body weight, to 5.5 gm., 2.8 per cent of the body weight. The loss of 
phosphorus amounts to over 4 mg. per 200 gm. of rat. This phosphorus 
may perhaps be taken up by the muscles, thus reversing the process occur- 
ring during glycogen deposition. 


SUMMARY 


In studies of the distribution of the acid-soluble phosphorus in the livers 
of fed and fasted rats, the concentration of inorganic P was found to be 
markedly increased after 24 hours of fasting, while that of the easily hy- 
drolyzable and of the phosphoglycerol P was reduced considerably. The 
total acid-soluble P was reduced slightly after 24 hours of fasting and more 


after 48 to 96 hours. 


1A few determinations of purine N also did not indicate any decrease of the 
nucleotide nitrogen during fasting. 
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THE DISTRIBUTION OF ACID-SOLUBLE PHOSPHORUS IN THE 
LIVERS OF FASTED RATS FED GLUCOSE, CASEIN, 
OLIVE OIL, OR A MIXED DIET 


By 8. RAPOPORT, ERNST LEVA, ano GEORGE MARTIN GUEST 


(From the Children’s Hospital Research Foundation and the Departments of Pediatrics 
and Biological Chemistry, College of Medicine, University of Cincinnati, Cincinnat:) 


(Received for publication, April 5, 1943) 


The marked changes in the distribution of the acid-soluble P in the 
liver of fasting rats (1, 2) suggested the possibility that the withdrawal of 
a single component of the diet was specifically responsible for these changes. 
To obtain further evidence on this point it was decided to study the ability 
of various substances fed to fasting rats to restore the distribution of phos- 
phorus in their livers to normal. Accordingly, rats, after a preliminary 
fast of 48 hours, were divided into four groups, and were fed glucose, casein, 
olive oil, or a mixed diet. The values for the concentrations of total 
acid-soluble P and its four main fractions, namely the inorganic, the easily 
hydrolyzable, the phosphoglycerol, and the ‘‘mercuric-insoluble”’ P' in the 
livers of these rats, were determined and compared with values found in 
appropriate control groups. 


Methods 


Male rats weighing 155 to 245 gm. of Sprague-Dawley stock were used. 
They were kept on the stock diet of the laboratory (3) for at least 1 week 
before the beginning of the experiments. After a preliminary fast of 48 
hours they were given access to weighed amounts of stock diet, glucose, 
casein, or olive oil for a period of 20 hours. The amounts consumed were 
determined by weighing the remaining food. Although some losses oc- 
curred through scattering of the food, they are believed to have been small 
compared with the amounts actually consumed. Throughout the experi- 
ments the animals had free access to drinking water. 

During the preliminary 48 hour period of fasting the animals lost on the 
average 23.7 gm. of their body weight. During the feeding period of 20 
hours they regained weight as follows: on the mixed diet, 15.1 + 1.8 gm.; on 
glucose, 1.4 + 0.9 gm.; on casein, 3.5 + 0.7 gm.; and on olive oil, 1.5 + 
0.7 gm. 

The preparation of the trichloroacetic acid extracts of the liver and the 
analytical methods used have been described previously (2,4). The results 
were evaluated statistically according to the methods of Fisher (5). 


'The fraction thus designated comprises phosphorus compounds which are 
precipitated with mercuric acetate at pH"5, as described under “Fractionation of 
extract’’ in the preceding paper. 
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Taste I 
Distribution of Acid-Soluble P in Livers of Rats Fed a Mized Diet, Glucose, Casein, or 
Olive Oil 

After a preliminary fast of 48 hours, the animals were offered the test foods fora 
period of 20 hours. 


Total Easily “Mercurice- 
Rat ood Liver Inorganic Phospho 


mc. per me. per mc. per per mc. per 


100 100 100 om om 100 om 
Mixed diet G37 14.5 9.3 | 90.7 19.6 19.4 22.9 
| G3s | 14.5 8.9 93.8 21.5 16.8 27.9 
| G49 | 13.0 8.1 85.7 18.0 6.0 24 2.6 
G5O | 12.5 94 88.8 16.7 | 15.2 | 2.9 | 26.1 
| G72 15.0 92 100.2 228 12.1 | 20 
| G75 10.0 7.6 95.6 16.2 17.7 2.0 | 2.5 
G76 10.0 7.0 993.4 16.1 17.1 23.7 @.1 
12.8 8.6 92.6 18.7 16.2 2.0 27.7 
40.4 418 410 409 +08 
og Glucose G 8.5 8.9 82.0 15.7 13.3 22.0 
| G40 9.0 93 92.2 17.9 17.7 2.7 
| G5l 9.0 98 8.5 15.4 174 22.5 243 
| G52 8.3 8.7 8.8 160 163 25.1 | 60 | 
G73 8.1 7.2 111.8 206 188 226 £226 
G74 9.0 7.9 104 60 202 20 200 | 
a G 9.7 7.7 80 12835 05 68 28 
G78: 10.0 88 28 10.1 22.9 2265 | 2.5 | 
| 9.0 86 99.4 1656 164 26.2 
40.3 43.6 41.1 41.0 +0.7 
Casein G4l 7.5 7.2 s98 306 £103 i652 29 
| 42 (9.0 70 888 323 93 135 | 28 ? 
G53 7.8 7.6 793 | 2.0 89 1137 £4273 | 
if | G5 8.0 7.2 97.8 34.5 12.2 31.0 
G79 6.4 5.7 85.4 2.1 | 10.8 | 17.3 | 
7.2 66 88.3 28.2 11.9 48 | 
| 717 69 88.2 30.3 106 16.6 21 | 
| 40.3 426 411 406 409 +05 
Olive oil | G43 5.0 5.0 91.2 26.1 7.7 992 £429 
| G44 5.0 5.0 91.1 25.3 9.2 16.1 28.1 | 
G 4.6 6.4 87.0 23.8 8.0 17.6 26.0 
G 4.6 5.4 8.0 24.5 + 10.0 17.3 27.2 
5.1 18 923 £26.9 93 20 2.1 
G82 6.8 5.1 88.0 23.0 13.3 20.2 6.8 | | 
5.2 53 893 249 96 186 27.4 
40.3 +410 +406 408 408 403 


The bold-faced figures indicate the mean values and their standard errors. 


5; 
E 
| 


Or 


RAPOPORT, LEVA, AND GUEST 


Results 


In Table I are presented data on the effect of varying diets on the dis- 
tribution of acid-soluble P in the livers of the rats. The individual data as 
well as the mean values for the total acid-soluble P and for four of its main 
fractions are included. In Table II are summarized the differences between 
the values for the four experimental groups and those for two control 
groups-—-one fed, and the other fasted for a penod of 48 hours or longer. 
Also included in Table II are the estimates of the significance of these 
differences. 


Il 
Acid-Soluble P in Livers of Rats. Differerces and Estimates of Their Significance 


Total acid. Easily Phospho- **Mercuric- 
soluble P Inorganic P — P glycerol P insoluble”’ P 
Differ- Differ. Differ- | | 
ence ence p* ence ence ence 
mc. per mc. per mc. per me. per ng. 
100 om 100 om. 100 om. 100 em. 100 em. 


Fed vs. Mixed diet +11.30.001 -0.90.5 -0.40.7  +2.80.02 0 
Glucose +10.50.02 +2301 -—2.60.06 +43.20.01 +2.3 0 
“Casein +15.70.001 —12.5 0.001 +5.20.001 +12.20.0011 —1.6 0.05 

Olive oil ~7.10.001 +6.20.001 +9. 001 +0.2 0.8 


| 


Fasted Mixed diet —3.50.2 +7.60.001 —5.50.001 —6.80.001 +0.2) 0.8 
Glucose =4.30.3 +10.80.001 —7.70.001 —6.30.001 +2.7 0.01 

Casein 40.908 4.10.01 40.109 42.70.02 -1.3 0.1 
long Olive oil  -0.109 41.302 41.103 -0407 0.3 


| | | 


*p = percentage chance that a deviation as o great or greater than that observed 
would arise by chance alone; any value of p 0.05 or less is usually accepted as indi- 
eating a significant difference. The bold-faced — indieate significant differ- 
ences. 


In the group fed the mixed diet the inorganic P and the easily hydrolyzable 
P were restored to the levels of the fed controi group. The phosphoglye- 
erol P, although greatly increased above fasting levels, was significantly 
lower than that in the fed controls. No significant changes were observed 
in the “‘mercuric-insoluble’” P. The total acid-soluble P did not differ 
significantly from that in fasted rats. 

In the glucose-fed rats the results in the main were similar but with some 
interesting modifications. ‘The data suggest that the inorganic P was even 
lower, and the easily hydrolyzable P higher, than it was in the fed controls. 
As in the group receiving the mixed diet, the phosphoglycerol of this group 
was greatly increased, but remained significantly lower than that in the fed 
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rats. The “mercuric-insoluble”’ IP of the glucose-fed rats was distinetly 
lower than that in either the fed or fasted control groups. 

In the casein-fed rats the inorganic P was higher and the phosphoglvcerol 
lower than in the fasted group, while the other fractions did not differ 
significantly. 

Olive oil, of all the test foods, had the least effect on the distribution of the 
P in the liver, the concentrations of the various fractions remaining un- 
changed. 

In Table I are also listed the liver weights of the various experimental 
groups. A comparison shows figures not significantly lower for rats fed a 
mixed diet or glucose than those for the fed controls. They were as low in 
the rats fed olive oil as in those fasted, and intermediate for the casein-fed 


group. 
DISCUSSION 


The data presented indicate clearly that glucose alone was able to pro- 
duce the same effect on the distribution of phosphorus in the liver as a 
normal mixed diet. Consequently, one may assume that the changes of 
phosphorus found in fasted rats were due mainly to the withdrawal of car- 
bohydrates. The lower concentrations of inorganic and the higher con- 
centrations of easily hydrolyzable P of glucose-fed rats, compared with 
normally fed controls, suggest a relationship between these two fractions 
and the level of liver glycogen which is known to be above normal in such 
animals. The fact that the acid-soluble P did not increase, and that the 
phosphoglycerol level remained lower than in the fed controls, might 
indicate a relative deficiency of readily available P in the body. Never. 
theless, the absolute amount of P in the liver was greatly increased, in direct 
proportion to the increased weight of the liver. This P, since none was fed 
to the rats, obviously was mobilized from other tissues, perhaps primarily 
from muscle. The “‘mercuric-insoluble” fraction, though somewhat di- 
minished in concentration, was present in greatly increased amounts. This 
fact in conjunction with the behavior of the easily hydrolyzable P would 
indicate that the liver was able to synthesize with great ease the adenine 
nucleotides, represented in these fractions. 

Owing to the higher inorganic P and the lower phosphoglycerol values, as 
compared with those of rats fasted 48 hours, the distribution of phos- 
phorus in casein-fed rats was approximately the same as in those fasted for 
24 hours only. In the two latter groups a preferential utilization of pro- 
teins may have constituted the common factor responsible for the similarity 
in the distribution of phosphorus. The failure of casein to restore the dis- 
tribution of phosphorus to the levels of the fed rats merits attention in view 
of the fact that the livers of the casein-fed animals contained considerable 
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deposits of glycogen. The livers also contained increased amounts of P, in 
proportion to their increased weight. This would suggest a difference be- 
tween the glycogen formation from proteins and from carbohydrates in 
their relationship to the phosphorus of the liver. 

The following hypothesis may be advanced in explanation of the fact 
that the changes of metabolism are reflected by only moderate changes of 
the levels of the various P compounds. Some or all of the acid-soluble P 
compounds, though they may be chemicelly homogeneous, consist of two 
biologically differentiated parts, one nearly constant, concerned with the 
general metabolism of the liver cells, and the other variable, perhaps specif- 
ically related to the metabolism of carbohydrates. For instance, it might 
be assumed that a concentration of 16 mg. of phosphoglycerol per 100 gm. of 
liver, such as was found in fasted and casein-fed rats, is required for the 
normal function of the liver cells, while the increment of 12 mg. per 100 
gm., found in fed rats, may have a specific function in their carbohydrate 
metabolism. 


SUMMARY 


In studies of the distribution of acid-soluble phosphorus in the livers of 
rats fed glucose, casein, olive oil, or a mixed diet after a preliminary fast of 
48 hours, glucose alone was found capable of restoring the concentrations of 
inorganic, easily hydrolyzable, and phosphoglycerol P to the levels in the 
livers of fed control animals. The concentration of the total acid-soluble 
P of these rats remained at its fasting level. 
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THE EQUILIBRIA OF ISOMERASE AND ALDOLASE, AND THE 
PROBLEM OF THE PHOSPHORYLATION OF 
GLYCERALDEHYDE PHOSPHATE* 


By O. MEYERHOF ano R. JUNOWICZ-KOCHOLATY 


(From the Department of Physiological Chemisiry, School of Medicine, University of 
Pennsylvania, Philadelphia) 


(Reeeived for publication, February 23, 1943) 
As was shown some vears ago (2-4) hexose diphosphate is split into triose 


phosphate by the reaction catalyzed by the enzyme zymohexase according 
to the following equation, 


dihydroxyacetone phosphate 


Hexose diphosphate — d-3-glyceraldehyde phosphate + dihydroxyacetone 
phosphate 


(1) 


While in the final state at least 95 per cent of the triose phosphate is di- 
hyvdroxyacetone phosphate (2), it can be proved, nevertheless, that the 
reaction starts with the cleavage into | mole of aldotriose and | mole of 
ketotriose, owing to.an enzyme which has been called aldolase. lsomeriza- 
tion is brought about by a second enzyme which has been called isomerase 
(5). The most direct proof of this sequence of reactions can be supplied 
by trapping the triose phosphate before isomerization sets in; e.g., by 
hydrazine. In the presence of hydrazine about equal quantities of glycer- 
aldehyde phosphate and dihydroxyacetone phosphate are obtained (6). 
The equilibrium constant of the isomerase reaction is of special interest, 
since in the steady state all sugar breakdown goes by the way of glycer- 
aldehyde phosphate (7). 

Negelein and Brémel (8) assumed that the precursor of the 1 ,3-diphos- 
phoglveeric acid, which they had isolated, was a 1 ,3-diphosphoglyceralde- 
hyde, formed spontaneously by addition of phosphate to 3-glyceraldehyde 
phosphate. If this is true, then in the presence of phosphate the following 
four equilibrium constants must exist. 


\3-glyeeraldehyde phosphate] -(dihydroxyacetone phosphate} 
I. K aidolane 
{hexose diphosphate} 
* A preliminary report of part of this paper was given at the Chicago meeting of the 
Federation of American Societies for Experimental Biology, April, 1941 (1). 
Aided by grants from Hoffmann-La Roche, Inc., Nutley, New Jersey, and from the 
Penrose Fund of the American Philosophical Society. 
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idihydroxyacetone phosphate] 


Kieomerase [3-glyceraldehyde phosphate) 


\dihydroxyacetone phosphate}? 


IIT. Kaymohexsse Kisomerase*Kaidolase = \hexose diphosphate! 


IV. K (glyceraldehyde phosphate] - [phosphate] 
\diphosphoglyceraldehyde! 


Since part of the 3-glyceraldehyde phosphate would be removed by the 
formation of the hypothetical diester in the presence of inorganic phosphate, 
high concentrations of phosphate should act as an interceptor for the aldo- 
triose. The measurement of the equilibrium of isomerase had beep 
attempted previously (9) and no increase of the total aldotriose was found 
in the presence of inorganic phosphate (cf. (1)). Doubts, however, arose 
as to whether the previous value of 90 for Ajcomerue Was correct. At 
equilibrium purified samples of triose phosphate, precipitated with barium 
acetate and alcohol, had been shown to contain 1.0 to 1.5 per cent glvcer- 
aldehyde phosphate. But owing to the instability of the triose phosphate, 
the purified samples correspond to only about one-fourth of the total triose 
phosphate formed in the enzymatic equilibrium and cannot be taken as 
representative, especially as the barium salt of the aldotriose is less soluble 
than that of the ketotriose (3). 

These doubts were increased by the publication of a paper by Herbert, 
Gordon, Sabrahmanyan, and Green (10) on the purification of zymohexase. 
The authors studied the equilibrium of aldolase freed from isomerase ((I) 
above). Since equilibrium (II1)' had been studied previously for various 
temperatures and concentrations of the reactants (2, 4, 5), Kissmere 
could now be calculated a8 Ayymonexase/ Antidote. Using the aldolase 
values of Herbert et al. together with our own zymohexase values, one 
obtains Ki.omerase Of about 25 to 30. Herbert ef al. calculated with one 
value for Kyymonexase that Ajsomerme = 36.3. Although their presentation 
is confused by some numerical errors, the result as far as we can see is 
correct when their own experimental figures are used. In this way one 
obtains 2.7 to 4.0 per cent as the calculated content of the glvceraldehyde 
phosphate in the triose phosphate at equilibrium. 

We therefore first redetermined the equilibrium constant of the isomerase 
reaction by improving the methods for measuring very small amounts of 
glyceraldehyde phosphate in the presence of large amounts of hexose di- 


' In studying equilibrium (III) we took the concentration of dihydroxyacetone 
phosphate to be identical with the concentration of the total triose phosphate. The 
difference, owing to neglect of the small amount of glyceraldehyde phosphate, is 


negligible. 


| 
4 
2 1 
{ 
¥ 
* 
4 
j 
* 
4 


tok 


| 


O. MEYERROF AND R. JUNOWICZ-KOCHOLATY 73 


phosphate and dihydroxyacetone phosphate. After this was done, we 
applied the same procedure to equilibrium mixtures in the presence of high 
concentrations of inorganic phosphate, and of phosphate together with the 
purified oxidizing enzyme of Warburg and Christian (11, 12) in the 
presence and absence of cozymase, to find out whether equilibrium (IV) 
does exist and if so under what conditions. 

Finally in the later stage of this work we repeated these measurements 
with purified isomerase which one of us (O. M.) had prepared with Dr. 
Lyle Beck. While the work on purification will be reported separately, 
some equilibrium experiments are included here to show the complete 
agreement with the A values obtained with isomerase in the presence of 
aldolase. 

Preparation of Substrates and Enzymes—Hexose diphosphate, which was 
used for the measurement of equilibria as well as for the preparation of 
triose phosphate, was obtained by fermentation of glucose by dried brewers’ 
yeast (Ballantine) and was purified as acid Ba salt by precipitation with 
alcohol at pH 3.8 according to suggestions of Robison.2 In the prepara- 
tion of a large amount of this salt, we had the kind help of Dr. Duschinsky 
of Messrs. Hoffmann-La Roche. The content of P in our preparation is 
10 to 11 per cent, of Ba 36 per cent. 


CHyOwPBa. Calculated. P 13.05, Ba 28.9 
Bay. ** 10.14, ** 45.0 


About a twelfth of the total P is inorganic. 90 to 94 per cent is saponifiable 
by alkali at 100° in 3 minutes (13); 84 to 90 per cent is transformable into 
triose phosphate in the presence of zymohexase and KCN and represents, 
therefore, the true content of hexose diphosphate of the preparation (14). 

For d-3-glyceraldehyde phosphate we used triose phosphate prepared 
enzymatically in the presence of hydrazine (6). The principle of this 
method consists in capturing the triose phosphate during enzymatic in- 
cubation by means of an excess of neutralized hydrazine hydrochloride, 
decomposing the hydrazones in the deproteinized solution by means of 
benzaldehyde, and removing the benzaldehyde with ether. Fresh prepara- 
tions of the barium salt contain a little more than 50 per cent d-glyceralde- 
hyde phosphate and a little less than 50 per cent dihydroxyacetone phos- 
phate. The dihydroxyacetone phosphate is less stable and decomposes 
slowly into methylglvoxal and phosphate, while the amount of d-glycer- 
aldehyde phosphate is altered very little. In preparations kept some 
months in the ice box, more than 80 per cent of the remaining triose 

* Herbert ef al. refer to an unpublished method, recommended to them by the late 


Professor R. Robison. Probably this method is very similar to that used here 
(ef. MacLeod, M., and Robison, R., Biochem. J., 27, 286 (1933), foot-note p. 287). 
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phosphate consists of the latter. A fresh preparation contains 6.5 to 7.5 
per cent triose phosphate P, 0.4 to 0.8 per cent inorganic P, and 0.5 to 0.7 
per cent unsaponifiable organic P. When calculated from the organic P, 
it is 90 to 93 per cent pure triose phosphate. From 150 ec. of dialyzed 
muscle extract and 500 mg. of hexose diphosphate P in a total volume of 
400 ec., 2.5 to 3.0 gm. of the purest fraction of the barium salt were pre- 
pared, containing more than 200 mg. of triose phosphate P. 

Use of this preparation in experiments with d-glvceraldehyvde phosphate 
has several advantages over the use of racemic glyceraldehyde phosphate 
(Fischer-Baer ester (15)). The barium salt is more stable, apparently 
being somewhat protected by the dihvdroxyacetone phosphate, so that it 
can be used for several months with little decomposition of the glyceralde- 
hyde ester. Since the dihydroxyvacetone phosphate is optically inactive, 
the polarimetric molybdate method (16, 6) can be applied to measure the 
content of glyceraldehyde phosphate in the preparation itself as well as 
after enzymatic incubation. This method of high sensitivity is not ap- 
plicable to racemic aldotriose. If isomerase is present, the total triose 
phosphate will be metabolized. Absence of isomerase in the enzyme frae- 
tions is tested by determining whether the percentage of glyceraldehyde 
phosphate in the total triose phosphate undergoes any change if incubated 
with the enzyme in question. 

Cozymase, which was used for studying equilibrium (IV) in the presences 
of the oxidizing enzyme as well as for checking the activity of this enzyme, 
was prepared according to Ohlmeyer (17, 18), with some modifications 
introduced by Schlenk (19) and Jandorf (20).2 In this way we prepared 
about 2 gm. of cozymase of 74 per cent purity. Smaller samples were 
purified with AgNO, + alcohol to a final purity of 85 per cent. The purest 
fractions were tested by hydrogen uptake in the presence of hydrosulfite 
(formation of dihydrocozymase (21)). 

The following enzymes were prepared in various states of purity: zymo- 
hexase, aldolase, isomerase, and the “oxidizing enzyme” of Warburg and 
Christian. As zymoherase we used at first the dialyzed extract of an ace- 
tone powder of a fresh muscle extract. Since this extract contains im- 
purities which impair the action of the oxidizing enzyme, we later employed 
a fraction obtained by partial saturation with (NH,).S80,, using a procedure 
similar to the first steps in the purification of the aldolase of Herbert et ad. 
The fraction precipitating between 21 and 30 per cent ammonium sulfate 
was dissolved in 3 times its volume of distilled water, reprecipitated by 0.85 
volume of a saturated ammonium sulfate solution containing one-t wentieth 


* We are much obliged to Messrs. Hoffmann-La Roche, Inc., for supplying us with 
5 gm. of a crude fraction of cozymase (36 per cent pure). 
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of its volume of a 13. ~ NH, solution, and finally dialyzed for 20 hours 
against distilled water. 

For obtaining tsomerase free from aldolase we made use of the observation 
that it is more soluble in ammonium sulfate solution. The further purifi- 
cation will be described with Dr. L. Beck. 

Aldolase tree from isomerase was prepared according to Herbert et al., 
but the last purification steps were omitted after it was observed that 
zymohexase B could be freed from isomerase by precipitation with 0.67 
volume of a saturated ammonium sulfate solution, dissolving the precipi- 
tate in distilled water, and precipitating anew by ammonium sulfate 
brought to pH 5 with citrate. By this reagent aldolase is precipitated at 
a final ammonium sulfate concentration of 24.0 per cent (0.45 saturated), 
while isomerase remains in solution. The redissolved aldolase is adjusted 
to pH 8, since otherwise it is rapidly inactivated. 

The ortdizing enzyme was prepared according to Warburg and Christian 
with some modification. In order to obtain a stable and nearly pure 
enzyme, of the same activity as that described by the German authors 
(1 y of protein per ce., bringing the reduction of 0.5 mg. of cozymase to 80 
per cent completion in 3 minutes at optimal pH! and phosphate concentra- 
tion), several changes have to be introduced in their procedure when 
maceration juice of American bakers’ veast is used as a source of the 
enzyme. The extract of the acetone powder is not heated to 55°, but 
immediately precipitated by acetic acid. The fraction obtained by neu- 
tralizing to pH 5.0 or 4.9 is discarded, and the fraction from pH 4.9 to 4.6 
is kept. (Warburg and Christian discard the fraction until pH 4.75 is 
reached, but with our veast most of the active enzyme would be lost.) 
The nucleoprotein, precipitated by acetic acid and redissolved at pH 6.0 
with NaOH, is decomposed by salmine sulfate... A solution of salmine 
sulfate containing 26 mg. per cc., warmed to 37°, is added to the solution 
of the enzyme until no further precipitation occurs. After treatment with 
Al(OH), the solution is heated twice for 15 minutes at 58° to destroy aldo- 
lase and isomerase. If traces of the latter remain, the heating is repeated 
at 60°, with a negligible loss of activity. An essential modification of the 
method of Warburg and Christian consists in the addition of glutathione in 
neutral solution to a final concentration of m/40. Only in the presence of 
glutathione could the enzyme be kept in solution for weeks with little loss 
of activity. Glutathione apparently fulfils a double function: as complex 
former for traces of heavy metal salts and as reductant for the sulfhydryl 

groups of the enzyme (22). For all tests of the enzyme, glutathione was 


*We are much obliged to Messrs. Sharp and Dohme, Inc., for their courtesy in 
supplying us with pure samples of salmine sulfate. 
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added to the dilutions so that its final concentration was at least 2.5 & 10- 
mM. The activity of the oxidizing enzyme is tested manometrically with 
cozymase in the presence of arsenate, with NaHCO -NH,HCO, mixture 
in an atmosphere of N» with 5 per cent CO,. Two acid groups are gen- 
erated by the following reaction, 


(2) d-3-Glyceraldehyde phosphate + cozymase (+ arsenate) = d-3-phosphoglyceric 
acid + dihydrocozymase ( + arsenate) 


Determination of Glyceraldehyde Phosphate-—The outcome of the present 
work depends wholly on a reliable method of determining quantitatively 
very small amounts of glyceraldehyde phosphate. The principle of our 
former method consisted in the oxidation of the triose phosphate by iodine 
in weakly alkaline solution: the d-3-phosphoglvceric acid which is formed 
by oxidation is measured by its optical rotation in the presence of molyb- 
date. Since [a], for d-3-phosphoglyceric acid is —740° (16) the method 
is sensitive enough to be immediately applied to as little as 10 y of P of 
glyceraldehyde phosphate per cc. of the origina! solution. But in the 
presence of interfering substances and with still greater dilutions it becomes 
necessary to concentrate the solutions and to remove or render harmless 
the interfering substances without destroying the glyceraldehyde phos- 
phate. The interfering substances are phosphate, oxidized glutathione, 
and ammonium sulfate. 

The former method of precipitation of the triose phosphate by barium 
acetate from the enzymatic mixture had to be abandoned because of the 
losses referred to above, especially since the fractionation in the presence 
of large amounts of inorganic phosphate leads to further losses. While 
inorganic phosphate up to 1.0 mg. of P per ec. (0.08 m) does not interfere 
with the polarimetric measurements, only slightly decreasing the value of 
the specific rotation, higher concentrations cause trouble in various ways 
and the phosphate must be removed. 

Our new method consists in oxidizing the d-glyceraldehyde phosphate 
in the original trichloroacetic acid filtrate by iodine to d-3-phosphoglvcerice 
acid, concentrating the solution tn vacuo, removing the inorganic phosphate 
by magnesia mixture, and precipitating the phosphoglyceric acid together 
with the unchanged hexose diphosphate by barium acetate + alcohol. 
The advantage of this procedure is the immediate oxidation of the unstable 
glyceraldehyde phosphate to the very stable phosphoglyceric acid which 
withstands all manipulations without alteration. The main points in- 
volved may be described briefly. 

Oxidation by Iodine—The glutathione in the enzymatic mixture inter- 
feres considerably with the oxidation of glyceraldehyde phosphate. Only 
by using a great excess of iodine, 1.5 to 2.0 cc. of w iodine + KI for 08 
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to Lee. ot OL NS glutathione, and warming the solution during oxidation 
for half an hour at 37° does one succeed in destroving the oxidized gluta- 
thione and in bringing the oxidation of the glyceraldehyde ester to com- 
pletion. This excess of iodine is also necessary to replace the todine 
precipitated by ammonium sulfate in weakly alkaline solution. After 
completion of the oxidation the iodine is reduced by 39 per cent KHSO, 
in acid solution, and the todoform which is formed by side reactions from 
methviglvoxal is removed by rapid centrifugation. The oxidized solution, 
neutralized to Congo red, is concentrated from an initial volume of 59 to 
10 ec. in a Corning vacuum distillation apparatus at an outside tempera- 
ture of 52°. This avoids the formation of decomposition products of hexose 
diphosphate, which can react with molybdate. 

Inorganic phosphate is removed by ammoniacal magnesia mixture. 
The loss of phosphoglveceric acid by adsorption on the precipitate is small 
if a little less magnesia mixture is used than is sufficient for removing all of 
the inorganic ;uosphate. 

After centrifuging, the cooled solution is neutralized to pH 6. Enough 
barium acetate is added to precipitate all sulfate and organic phosphate 
and the precipitation is completed by 2 volumes of alcohol. Such an 
amount of aleohol is necessary since the solubility of the acid barium salt 
of phosphoglyceric acid is increased in the presence of ammonium salts 
(23). The precipitate is centrifuged off, washed with 10 per cent alcohol, 
the aleohol removed by a current of air, and the precipitate vigorously 
shaken for 2 hours with 2 ce. of H.S80O,. The solution after centrifuging 
plus the wash water of the precipitate is placed in a small measuring 
eviinder, neutralized, and cleared by rapid centrifugation. It amounts to 
5to7 ee. 

The polarimetric measurements are made in a Lippich-Landolt half shade 
polarimeter of 4 dm. length with monochromator. An 8 volt Mazda lamp 
with condenser served as the source of light. For the concentrated solu- 
tions semimicro tubes of 2 ec. capacity for 2 dm. or 4 ce. for 4 dm. were 
used. 

The solutions were saturated with oxvgen before the tubes were filled, 
in order to avoid a slow development of blue color with molybdate by the 
presence of traces of reducing substances. Generally 0.7 to 0.8 ec. of 30 
per cent ammonium molybdate (Merck) was added to 2.0 ec. of the solu- 
tion. The difference in rotation recalculated for this dilution before and 
after addition of molybdate is referred to in the headings of the tables as Aa. 

General Remarks —In many instances some of the steps of this procedure 
could be omitted; ¢.g., the treatment with magnesia mixture if no phos- 
phate was used in any sample of the experiment in question. The possible 
lows in the experiments of Tables I and V was checked by determining the 


re 
n- 
rie 
~ 
nt 
ly 
ur 
ne 
vd 
of 
he 
| 
| 
m | 
he 
| 
ile 
of | 
Vs 
te 
te 
eT 
yl. 
le 
h 
r. 
ly | 
5 


—" 


7s EQUILIBKIA OF [ISOMERASE AND ALDOLASE 


organic phosphate recovered in the solutions used in the polarimetric meas- 
urements. This content should be equal to the hexose diphosphate not 
transformed plus the phosphoglyceric acid generated by oxidation. The 
dihvdroxvacetone phosphate is decomposed by the magnesia mixture and 
is determined as inorganic phosphate. Since the barium salt of phospho- 
glvceric acid is less soluble than that of hexosediphosphoric acid, the ob- 
served loss of organic phosphate, between 0 and 30 per cent, is somewhat 
higher than the loss of phosphoglvceric acid. Since it was necessary to 
have solutions concentrated enough for finding Ja values of at least 0.15° 
to 0.20°, losses as high as 30 per cent in unfavorable cases could not be 
avoided. On the other hand, blanks were run with the same enzyme 
mixture at zero time, and after incubation, but without oxidation. The 
latter is necessary in some cases, ¢.g. with addition of cozvmase, to measure 
preformed phosphogiveeric acid in distinction to that formed by iodine. 
For the evaluation of the measurements without concentration, corrections 
for these blanks had to be applied. In the measurements of the concen- 
trated barium precipitates the corrections were negligible and were not 
used in the final calculation of the results. 

Determination of Phosphate— The various phosphate fractions are deter- 
mined as in the preceding paper (18), by the Fiske-Subbarow method 
adapted to this purpose. The value found by the polarimetric method for 
givceraldehyde phosphate is calculated as a percentage of the “alkali- 
saponifiable”’ phosphate; 1.¢., the phosphate split off by NaOH in 15 min- 
utes at room temperature. The amount of glyceraldehyde phosphate can 
also be measured by the decrease of this alkali-saponifiable phosphate 
produced by oxidation with iodine, whereby phosphoglvceric acid is formed. 
However, this method for the determination of glyceraldehyde phosphate 
by the difference of alkali-saponifiable P before and after iodine treatment, 
taken by Herbert ef al. and Iri (24) from our older publications, is less 
accurate than the present method and has been used in the present work 
only for some preliminary experiments. 


Equilibria in Absence of Inorganic Phosphate 


While A has been determined previously and A had been 
measured by Herbert ef al., A\.mersse 18 determined directly in the present 
paper. This was done in some cases with preparations of zymohexase, in 
others with purified isomerase. Since with the latter none of the triose 
phosphate is converted to hexose diphosphate regardless of temperature, 
larger readings can be obtained than with zymohexase provided that high 
concentrations of triose phosphate are used. Barium precipitation, there- 
fore, Unnecessary. 

We shall first describe the measurements with zymohexase. A series 
of preliminary experiments was run without concentrating; a 4 dm. tube 
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of 30 ce. capacity was used. The mean of ten such measurements between 
()-20° was 4.2 per cent glyceraldehyde phosphate, with variations from 
2.2 to 8 per cent. Since the rotations were about —0.10° and corrections 
for impurities had to be applied, the results did not prove to be accurate 
enough. In Table I all experiments carried out according to the procedure 
described in the foregoing section are reproduced. Since they were per- 
formed in the absence of inorganic phosphate, Mg precipitation was omit- 
ted. The twenty-five experiments at 60-30° give an average value of 4.4 
per cent glyceraldehyde phosphate in the total triose phosphate, inde- 
pendent of temperature; the means of 4.05, 4.8, and 4.2 for 60°, 40-38°, 
and 30° respec’ively agree within the limits of accuracy of the method. 
The losses by incomplete oxidation and incomplete recovery of the barium 
precipitate may amount to 10 per cent or somewhat more. The experi- 
ments of Table | are evaluated for the equilibrium constants in Table IT. 

The marked variation of the equilibrium of zymohexase with tempera- 
ture, which obeys closely the van’t Hoff law of isochores (2, 4), is wholly 
due to the aldolase, as had been deduced previously from the thermody- 
namics of the reaction. There is a dependence on pH too, to which less 
attention was paid in former work. The A values are maximal in the 
neighborhood of pH 7.5 and generally lower at pH 8.5 and 7.0. Since most 
of the experiments of Table | were performed in the absence of buffers, but 
near to neutrality, differences of Ay .mchexae for the same temperature are 
mainly due to slight variations of the pH. This influence is due to the 
aldolase, since the isomerase is not affected by the pH. 

The results obtained for the different equilibrium constants can be 
checked by two independent sets of experiments: determination of the 
equilibrium with aldolase preparations free from isomerase and with 
isomerase free from aldolase. The first has already been done in part by 
Herbert ef al. But since they had made no measurements at 60°, at which 
our values are the most accurate, we carried out such a series of experi- 
ments, reproduced in Table III. For thirteen different preparations of 
aldolase made by various methods of fractionation of zvymohexase, all free 
of isomerase, the A jaune. at 60° was determined according to the equation 
K @ | X [triose phosphate}? /[hexose diphosphate]. The absence of 
isomerase is assumed, if by iodine oxidation 50 per cent or more of the 
alkali-saponifiable P has disappeared. (The disappearance is a little 
greater than 50 per cent, because in addition to the glyceraldehyde phos- 
phate some of the dihydroxvacetone phosphate is destroyed by the alka- 
linity during oxidation.) The mean value for Kj:aciee at 60° in Table III 
amounts to 4.0 X 10~' instead of 4.5 &K 10-* shown in Table II. For 38° 
Herbert ef al. found with purified aldolase 1.19 * 10~-‘, which corresponds 
closely to the value 1.33 * 10~‘ found in Table II for the same temperature. 
A similar agreement results from the experiments with isomerase freed 
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Taste 
Per Cent of Glyceraldehyde Phosphate in Zymoherase Equilibrium 


bx T 
_X- 
ture Ne. thon prrate (ormed 
phos 
phate 
60 1. 85) Ae 0 6 04 40 0915 06 41 
2] “ 6 #04 3% 0.39 258 
7 2.3 52 O88 O51 3.45 
| 4) 6 20 47 0.654 0.535 3.7 
| & | 166) “ 55 55.5 11.5 0.306 0.17 2.9 
| 6 | 6.5 05 0.583 034 5.4 
Bea. 2h 80 56.5 10.5 58.5. 0.402 0.255 4.15 
8 | 167); 1200 5.5 10.5 59.5 O.417 0.275 4.4 
9 169 ZB. 4 U0 0.475 0.30 48 
10 169) “ | 80 1.0 63 0.465 0.295 4.2 
175) “ 65 W2 65 0462 031 47 9 
is 75 34.2 4.0 45 0.43 035 40 4.05 100 
40 13 | 206 480 64 0.385 O44 
i414 Z.di. 600 44 153 2% 0.193 0.173 4.2 os 
222/43Z.di. 600 4 153 23.4 0.198 0.162 4.5 83 
16 Z. di. 480 46.6 15.1 96.7 0.175 0.173 3.15 
38 17 «169 8600) 11.0 36.4 0.245 0.143 3.6 
(181175) “ «480 | 56.5) 10.2 38.5 0.27 0.167 4.25 
19 175 1080 565 0.2 39 043 025 63 
20 Ae 300 56.5 10.2 41 02 O18 43 
21 | 175 “ 70 56.5 02 42 O39 021 56 48 
Di “ 600 34 D2 18.3 0.4 0.185 5.0 100 
2 #217 Z.di. 780 B2 144.1 18.6 0.17 O11 4.2 100 
“a 00 376 40 035 0005 010 28 92 
“ 00 376 140 22 O13 015 49 42 100 


Experiments with the same protocol number were carried out with the same 
enzyme preparation but with different amounts or at different time intervals 

Ac. = dialyzed extract of acetone powder; Z. B. = preparation of rymohexase B. 
Z. di. = the same, dialyzed to remove the ammonium sulfate. 

* Volume inclu.tes 3 to 5 ec. of 40 per cent trichloroacetic acid; thie amount is de 
ducted in Table II for calculation of the molar concentrations. 

t Only the amount transformable into triose phosphate ~— S4 to 92 per cent of the 
organic phosphate of the preparation is accounted for. 

t Rotation difference with and without molybdate, measured in a 2 dm. tube 
f or concentrated samples of 4 to 7 ec., corresponding to 8) to 90 per cent of the initial 
volume (sixth column). 

§ The initial hexose diphosphate minus the dihydroxvacetone phosphate formed is 
taken as 100 per cent. 
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from aldolase. In order to have polarimetric readings, after establishment 
of the equilibrium, of as much as —0.15° to —0.20° with molybdate in 2 
dm. tubes, nearly | mg. of P of triose phosphate per cc. is required in the 
original solution. To such solutions, buffered with borate at pH 7.6, 
various dilutions of isomerase were added. In Table IV only those ex- 
periments are reproduced in which it was ascertained, by incubation during 


Taste Il 
Equilibrium Constants Calculated from Experiments of Table I 


pera phos hyde acetone i : Kaldolase, Mean 
ture No phate phos- 
Initial Final phate phate “< “< 

1 10.5 | 6.3 | 84 (0.345 8.06 10.3 23.4 4.4 

2 10.5'6.55 7.85 0.22' 7.63 8.7 | 34.2) 2.55 

3 69 3.35 7.1 0.245 6.85 14.0 2 5.0 

4 8.1/4.3 7.6 0.285 7.31 | 12.4 | 25.7 4.8 

5 3.34 1.56 3.56 0.104 3.45 7.55 32.8 2.3 

6 3.16 1.25 3.82 0.202 3.61 10.4 17.4 6.0 

7 3.16 1.305 371 0.154 3.55 9.6 23.0 4.18 

S 3.16 1.285 3.78 0.165 3.58 10.2 23.2 4.6 

® 3.31 1.40 3.82 0.163 3.56 9.0 21.8 4.15 

10 §=6.3.31 1.20 4.22 0.178 4.04 13.2 22.8 6.0 

1.06 4.00 0.188 3.81 13.5 20.2 6.7 

12 7.0) 3.86 6.28 0.25 6.03 94 2 3.9 4.5 (Keo) 

40 13 6.65 5.06 3.18 0.235 2.95 1.71 12.5 1.37 | 

14 5.87 4.30 3.15 0.132 3.02 2.15 23 0.93 | 

5.87 4.47 2.8 | 0.126 2.67 1.61 21.5 

3.66 4.17 0.131 4.04 3.95 31 1.27 
17 2.15 2.32 0.083 2.24 2.4 27.4 0.87 

IS 3.06 1.88 2.37 0.103 2.27 2.75 22.0! 1.25 

9 «83.06 1.80 3.08 0.158 2.35 3.08 15.0 2.05 

0 3.06 1.80 2.53 0.109 2.42 3.26 22.2 1.47 

210 «3.06 1.72 3.35 0.144 2.43 3.35 17.0 1.98 1.33 
w 2 05 86 3.84 0.192 365 1.41 19.0 0.74 

23.00 «7.05 5.73 2.63 0.11 | 2.52. 1.12 23 0.485 

240 «46.53 3.21 3.32 0.093 3.23 3.20 34.5 0.93 

25 653 3.53 3.0 0.147 2.85 2.07 19.5 


| 0.80 (Kyo-) 


different intervals or with different dilutions of the enzyme, that the final 
end-point was practically reached. The mean value of twelve such 
experiments, given in Table LV, is 4.3 per cent glyceraldehyde phosphate 
in the total triose phosphate. The measurements could not be made at 
60°, because too much triose phosphate was decomposed during the 
heating time. 
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Equilibria in Presence of Phosphate 


The considerable effort spent in ascertaining the numerical values of the 
aldolase and isomerase equilibria was in large part intended as a preliminary 
for settling the question whether phosphate has any influence on these 
equilibria. 

Negelein and Brémel (8), announcing their discovery of the | ,3-diphos- 
phoglyceric acid, write, “If one adds inorganic phosphate to glvceraldehyde- 
3-phosphoric acid (Fischer ester), | mole of phosphate is taken up in the 
reversible reaction: phosphate + glyceraldehyde phosphate = diphos- 


Tasie Ill 
Aldolase Equilibrium at 60° 


Ammonium Hexose Triose Trice phos. 

sec xX ios per cont «xX per com 

22 B 80 12.9 17.8 4.6 55 4.95 
B, 30 12.9 16.5 4.26 ed 4.2 
7 SO 12.9 18.2 4.7 57 5.0 

B dialyzed 80 12.9 17.8 4.6 55 4.95 

23 13.05 17.5 4.53 4.35 
B, 60 13.05 19.0 4.8 O.5 5.4 
Be, 30 13.05 15.5 4.0 66 3.6 
- 90 13.05 16.4 4.25 69 4.1 

24 iB 30 13.2 16.0 4.23 67 4.05 
| 30 13.2 16.6 4.40 4.4 
34 ie 60 11.85 15.2 3.62 » 3.3 
| Ce 30 11.85 14.0 3.32 2.7 

Ce 30 11.85 13.3 3.17 51 2.45 

35 Gs 40 11.85 13.5 3.21 55 2.55 
11.85 14.4 3.43 2.9 
36 Ge 30 11.1 17.6 3.93 58.5 4.2 
11.1 17.9 4.0 44 
Mean........ 4.0 


phoglyvceraldehyde.”” This is only a hypothesis for interpreting the 
reversible formation and reduction of diphosphoglyceric acid in the pres- 
ence of the oxidizing enzyme, cozymase, phosphate, and glyceraldehyde 
phosphate. How may such an issue be decided experimentally? We 
must distinguish between two possibilities. The formation could be a mere 
physicochemical equilibrium, as Negelein and Brémel believe, or an 
enzymatic reaction. In the latter case, since only the crystallized enzyme 
of Warburg and Christian is present, this would be at the same time an 
oxidizing and phosphorylating enzyme. In either case the possibility of 
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demonstrating such an intermediary would depend on the equilibrium 
concentration; that is, of the value of A yycsphorytation IN equilibrium (IV). 

net Warburg and Christian published three curves showing the dependence of 
the reduction of cozymase upon phosphate concentration. 33 10-3 
phosphate had about the maximal effect, while 16  10-° mM gave 84 
per cent and 0.87 & 10-* mM 25 per cent of this value. With Dr. Drabkin, 
_ we made many more determinations with different concentrations of 
de- phosphate and triose phosphate. If a simple diphosphoglyceraldehyde 
ver, should exist, the reduction of cozymase must obey the equation 
Tasie lV 
Equilibrium with Purified Isomerase in Absence of Phosphate 
| Glyceral- Glyceral.- 
enzyme per cc. tube per ce., initial) in triose 
solution phosphate 
5 min me P dm. | per cent 
232 «1:30 37 120.48 4 0.268 0.024 5.0 
1:90 37 120.48 4 | 0.250 | 0.021 | 4.4 
1:90 37 21 0.49 4 | 0.2 | 0.018 | 3.7 
5 244 O | 1.215 2 | 5.62 | 0.79 | 66 
1:00 38 s 1.19 2 0.36 0.059 4.95 
1: 500 3s 15 1.16 2 0.343 0.055 4.75 
246 0 | 0.9 2 | 3.87 | 0.472 52.5 
14000 15 0.84 2 | 0.167 | 0.0277 | 3.5 
1:40 21 3000.84 2 0.187 | 0.033 | 3.9 
1:40 21 60 0.64 2 0.15 0.027 4.25 
1:40 31 15 0.74 2 0.181 | 0.031 4.2 
247 0 0.82 2 3.54 0.562 69 
1:60 25 166 || 0.704 | «2 0.206 0.032 4.0 
261 0 | 0.560 2 | 2.24 | 0.408 72.8 
1: 2200 22 0 | 0.50 | 2 0.131 0.0241 4.3 
1:45 22 0.570 2 | 0.125 0.0234 4.2 
he - (eozymase (oxidized) 
Since in the isolated system |dihydrocozymase | = [diphosphoglvcerie acid |}. 
re the above equation can be written 
an \diphosphoglyceraldehyde] -!cozymase (oxidized)| 
ne Kreduetion [dihydrocozymase]? Gis 
an 


and mult iplied by 
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(glyceraldehyde monophosphate] - [phosphate] -[cozymase (oxidized)] 


Kreduction = 
\dihydrocozymase}? 


Actually the value for K jeduction decreases with increasing concentrations 
of phosphate, while it increases with increasing concentrations of glycer- 
aldehyde phosphate and constant high phosphate concentrations. Whiat- 
ever interpretations are offered for these discrepancies, A piosohorytation 
could not be greater than approximately 10~, since otherwise the strong 
effect on reduction of cozymase by phosphate concentrations of 1L0-* to 
10-* would be impossible to explain.® 

Let us now assume the first of the above possibilities, that the equilibrium 
of phosphorylation is non-enzymatic. Then with the value of A paccprorytacion 
of 10°? the amount of diphosphoglyceraldehyde can be caleulated for 
all concentrations of phosphate. For 0.1 M inorganic phosphate the 
proportion of diphospho ester to monophospho ester would be 10. In the 
presence of zymohexase or isomerase the equilibrium would be imme- 
diately affected. With a value of = 22, triose phosphate would 
be distributed in the presence of 0.1 mM phosphate into 67 per cent 
dihydroxvacetone phosphate, 3 per cent glvceraldehyde monophosphate, 
and 30 per cent diphosphate, instead of 96 per cent dihydroxyvacetone 
phosphate and 4 per cent glyceraldehyde phosphate in the absence of 
phosphate. By destroying the zymohexase with trichloroacetic acid, 
dilution and oxidation by iodine of the glyceraldehyde monophosphate, 
the diester would dissociate into its components. This would be quite the 
same if the decomposition were not really brought about by removing the 
monoester, but by the chemical instability of the diester in the absence of 
the zymohexase system, by which it would be continuously regenerated. 

The situation would be somewhat different if the presence of the oxidiz- 
ing enzyme with or without cozymase were necessary for the formation 
of the diester. Since phosphate concentrations higher than 6 K 10°? mM 
do not continue to increase the equilibrium concentration of diphospho- 
glvceric acid, this could be true for the phosphate uptake too, and might 
depend on a sensitivity of the enzyme toward the higher concentrations. 
One could expect the formation of the diester in this case only under the 
same conditions in which the formation of dihydrocozymase takes place. 
Moreover, in destroying the enzyme the diester could in principle be pre- 


' In the presence of 1.5 X 10°*m inorganic phosphate 15 to 2 per cent of the 
maximal reduction of cozymase is obtained; in the presence of 10 X 10°? um 5O per 
cent. With Aoyhosphorytstion = 10-* in the first case less than 12 per cent and in the 
second case about 50 per cent of the total glyceraldehyde phosphate would exist as 
diester. If Kynoephoryiation if assumed to be 5 K 10°*, the respective concentrations 
of the diester would be less than 3 and 16 per cent, which would be leas compatible 
with the effect on the reduction of cozymase by these concentrations of phosphate. 
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served even in the absence of the monoester, although it is not very likely 
that it would withstand the oxidation by iodine and would decompose in 
any other way than via glyceraldehyde monophosphate. 

Because of this, it is necessary before the possible enzymatic formation 
of the diphosphoglyceraldehyde is studied to check the preparatiof® of the 
different enzymes for their ability to reduce cozymase in dependence on the 
phosphate concentration and at similar temperatures, times, etc., as can 
be used for testing the existence of an equilibrium of phosphorylation. 

Generally the oxidizing enzyme was at first tested for reaction (2) above 
in the presence of arsenate, by the manometric technique. Enzyme dilu- 
tions were used which brought this reaction to completion at 20° in about 
20 minutes with 0.6 to 0.8 mg. of pure cozymase and an excess of glyceralde- 
hyde phosphate. In the same test the absence of aldolase in the oxidizing 
enzyme was established by showing that triose phosphate cannot be re- 
placed by hexose diphosphate. The dilution of zymohexase necessary for 
inducing hexose diphosphate to react with nearly the same speed as triose 
phosphate was also determined in this way. Finally the absence of isom- 
erase in the oxidizing enzyme was tested by the polarimetric molybdate 
method. 

These experiments served as the basis for the incubation of hexose di- 
phosphate in the presence of zymohexase, phosphate, oxidizing enzyme 
with and without cozymase, and for the subsequent determination of glycer- 
aldehyde phosphate by oxidation with iodine. 

When cozymase is present, a small amount of diphosphoglycerie acid is 
formed, equivalent to the amount of dihydrocozymase. This amount is 
determined in the same fraction as the glyceraldehyde phosphate in the 
form of 3-phosphoglyceric acid. However, since the amount of cozymase 
used is lower than the concentration of glyceraldehyde phosphate at equili- 
brium, the diphosphoglyceric acid corresponds only to one-tenth of the 
latter, which is within the error of measurement. With impure prepara- 
tions of enzymes the reaction could proceed further by formation of 
3-phosphoglyceric acid. Such a course is easily detected, by the optical 
rotation in molybdate without oxidation by iodine. Indeed if any phos- 
phoglyceric acid was formed in experiments in the presence of cozymase 
(besides the minute amount of the diester), it was taken as a sign that the 
enzymes were not sufficiently purified and the purification was continued. 

The zymoherase and isomerase equilibria were in no instance changed by 
the presence of inorganic phosphate, either directly or in the presence of the 
oridizing enzyme alone or with addition of cozymase. The accuracy is slightly 
less than in the absence of phosphate, owing to the cumbersome method 
of isolation of the phosphoglyceric acid. Moreover, the total triose 
phosphate cannot be accurately determined in the presence of high con- 
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centrations of phosphate. Sometimes it was determined by methviglvoxal 
formation after acid hydrolysis (2) instead of by saponification with alkali. 
The results showed that up to 0.1 mM phosphate, the amount of total triose 
phosphate was not appreciably altered at equilibrium. In the routine 
experiffents, therefore, one sample was incubated with the same additions 
except inorganic phosphate, and the alkali-labile P found here was as- 
sumed to be present also in the other samples. 

That the first alternative, a non-enzymatic equilibrium of phosphoryla- 
tion, can be excluded was indicated by direct polarimetric readings in 
molybdate after incubation of hexose diphosphate with zymohexase 
in the presence of 0.1 m phosphate. Although this method is not suffi- 
ciently accurate for determining the exact equilibrium concentration of 
glyceraldehyde phosphate, a nearly 10-fold increase, corresponding to 
K phcsphorylation = 10°*, would give rotations in the 4 dm. tube of more than 
— 1° for equilibria at 60° and more than —0.5° at 30°. Such rotations were 
completely absent. Instead of this, six such experiments, four at 60°, 
one at 30°, and one at 20°, gave on the average an equilibrium content of 
glyceraldehyde phosphate of about 4 per cent (between 2.4 and 8.1 per 
cent), the same as in the absence of phosphate. 

The more accurate determinations after concentration and barium pre- 
cipitation were, therefore, immediately employed for the study of this 
system in the presence and absence of the oxidizing enzyme and cozymase. 
Since such an enzymatic equilibrium is possibly dependent on temperature 
and since our absorption measurements of dihydrocozymase which served 
for reference had to be made at room temperature, it seemed advisable to 
use relatively low temperatures of incubation. Since the zymohexase 
equilibrium is too unfavorable at 20°, these experiments are done at 30° 
and 40°, while with isolated isomerase temperatures of 22° and 25° can be 
used. Table V contains the data of the most reliable experiments. For 
comparison some data (Experiments la and Sa) are included from experi- 
ments in which the enzymatic incubation was made in the absence of 
phosphate (but phosphate was added after deproteinization) and in which 
the treatment with Mg mixture, etc., was identical with that of the other 
sample under the same number. The conditions of the experiments were 
identical with those of Table I except for the addition of phosphate, oxi- 
dizing enzyme, and cozymase and the removal of the inorganic phosphate 
by magnesia mixture. 0.1 to 0.5 ec. of the stock solution of oxidizing 
enzyme (E of Table V), containing 0.2 to 0.5 mg. of protein, was used ina 
total volume of about 40 ec., and in some experiments 7.5 mg. of cozymase 
of a purity of 0.74 were added. The concentration of the protein was 
somewhat higher than in the absorption measurements. 

The last column of Table V shows that in a few cases losses of the total 
organic phosphate of about 30 per cent occur, but generally they are much 
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less. The loss of phosphoglyceric acid is smaller than the total loss. On 
the other hand, the slight increase over 5 per cent glyceraldehyde phosphate 
in some cases with oxidizing enzyme cannot be regarded as significant, since 
similar variations occur in Table I in the absence of phosphate. 

Some further experiments were made with purified isomerase at 38°, 25°, 
and 22°. Here any kind of pretreatment can be avoided. As is shown in 
Table VI, the glyceraldehyde phosphate content at equilibrium is the same 
as in the absence of phosphate and the oxidizing enzyme. This is still 


Taste V 
Per Cent of Glyceraldehyde Phosphate in Presence of Zymohexase, Oxidizing Enzyme, 
and Phosphate 
| G cer- | 
ro exose lriose| aicde- | 
phate | triose 
phos- 
phate 
lo min | me P degrees| me. P | pont 
1 | 217 | 4.7 14.0 | 44.50.362 0.254 4.05 88 
la 217 O 14.0 | 44.50.337) 0.260 (4.15) 100 
2 50 § (92 | 12.35, 27 0.123) 0.109| 3.7 | 73 
3 26 50 E 8 = 25.7 27 0.266 0.406 6.85 66 
4 | 3.6 |“ 10 44 | 15.6) 2 (0.207 4.4 95 
5 22 36 “+CO 10 (44 | 15.6 26 0.270 0.26 | 6.3 84 
6 (22 36 44 16.6 | 0.268) 0.90) 7.3 | 100 
867 217 | 4.7 | 13 34.2 14. 0  18.60.105 0.073| 2.8 86 
S$ 217 4.7 E+CO (13 68.4 28.0 18.60.224 0. 208 4.0 92 
Sa 217, 0 13 34.2) 14.0 18.60.144) 0.108'(4.1) 96 
9 27:46 15 34.2 14.0 21.90.140 0.152) 4.95 75 
10 227/46,“ +CO 2 14.0 0.1381 3.9 85 
(pH 7.0) | | 
227 46 “+CO (34.2 14.0) 24.90.144 0.150'4.8 94 
(pH 8.0) | | | 


* = oxidizing enzyme; CO = cosymase. 


more conclusive evidence, since any interference with the activity of the 
isomerase by the additions would make the concentration of glyceraldehyde 
phosphate too high but never too low. 

Further negative results were obtained with direct polarimetric measure- 
ments of the glyceraldehyde phosphate in the presence of phosphate and the 
oxidizing enzyme. <A diphosphoglyceraldehyde must contain 2 asymmetric 
carbon atoms. If the phosphate uptake into the carbonyl! group takes place 
by enzymatic action, the formation of only one of the two stereoisomeric 
forms is to be expected. A great difference in optical rotation should 
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result compared with the glyceraldehyde monophosphate. Glucose-1- 
monophosphate (Cori ester), having such a phosphorylated carbonyl! group 
has la], = +120°, which corresponds to + 174° for the molecular weight of 
glucose, while a-glucose has [a|, = +105° (25). This phosphorylation 
creates, therefore, a difference of [a], = +69° in the specific rotation 
of glucose. 

In our case no difference was found which exceeded the accuracy of the 
measurements. fa], of d-3-glyceraldehyde phosphate was determined 
some years ago and found to be +20° in slightly acid solution (6). The 
rotation is greatly influenced by the pH. In our present measurements we 
find at pH 5 [a], =+19.5° to +22°, at pH 6 +17°, and at pH 7 412°. 


Taste VI 
Equilibrium of Isomerase in Presence of Phosphate and Oxidizing Enzyme 


| 


per cc. tube) in triose 
| | | solution 

| min, ae degrees | ae per cont 

2322 38 12 5.0 | «(0.75 (0.0243 4.0 
| 38 12 5.0 0.60 0.16 0.027 4.5 

38 12 Sia 0.60 0.19 | 0.033 | (5.5) 

25 | 38 | 12 | 6.0 | 0.79 | 0.29 | 0.0% | 5.7° 
38 12 60 |E 0.79 0.306) 0.045 5.9° 

247 25 16 5.5 | «0.22 | 0.08385 
23 | 6 | 44 |E 0.794) 0.213 0.0306 3.85 

2 | 16 44 '“+CO | 0.79%) 0.000 | 5.0 

261 22 0 | 5.9 «0.560 «0.097 0.0177 | 3.15 
22 40 40 |E 0.0197 3.5 

22 40 0 | 0.570 0.125 0.0234 | (4.2) 


* Equilibrium not quite complete. 


A 0.75 per cent solution (calculated for glyceraldehyde phosphoric acid) 
gives at pH 7 in a 2 dm. tube a = +0.18°, and when dissolved in 0.2 M 
phosphate of pH 7.0, +0.185°. When oxidizing enzyme is added, correc- 
tions must be made for glutathione contained in our enzyme solutions. A 
solution of 0.97 per cent glyceraldehyde phosphate in 0.064 m phosphate 
at pH 6 gives a = +0.33°, corresponding to [a|, = +17°, while with ox- 
idizing enzyme the rotation of an exactly equivalent sample after correction 
isa = +0.31°. 


DISCUSSION 


Since no dissociable diphosphoglyceraldehyde could be detected under 
conditions in which cozymase is reduced and diphosphoglyceric acid is 
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formed, we may briefly discuss what possibilities remain for a precursor 
substance. One such possibility would be that the precursor formed en- 
zymatically would be undissociable in the absence of the enzyme, like the 
dimeric diphosphoglyceraldehyde of Baer and Fischer (26). This sub- 
stance itself proved to be biologically inactive ((18) foot-note 1). But it is 
a single racemic body whose biochemical breakdown was improbable from 
the start. A similar substance formed by two d-glyceraldehyde groups 
could perhaps react. Lut such a possibility may be practically ruled out by 
the following observation. As was found by us and reported in the paper 
of Baer and Fischer, the racemic diphosphoglyceraldehyde is split by 
5 X 10°? HC! at 100° in 8 minutes rather completely into monomeric 
glyceraldehyde monophosphate and inorganic phosphate. The same result 
obtains in the presence of phosphate by addition of HCl until pH 1.5 is 
reached. Such a treatment applied to deproteinized isomerase mixtures in 
the state of equilibrium in the presence of phosphate and oxidizing enzyme, 
like those of Table VI, does not increase the amount of glyceraldehyde 
phosphate. 

The opposite explanation, therefore, seems likely: that the product is too 
labile to be detected. To be sure, the instability has been viewed through- 
out this work as the special feature by which the product could be detected 
provided that it decomposes into glyceraldehyde phosphate and phosphate. 
Aside from the rather remote possibility that it breaks down instantaneously 
in another way, one has to visualize the formation of a physical addition 
product so loose that it would behave towards isomerase not as a compound, 
but like free glyceraldehyde phosphate, and not shift the equilibrium at all. 
In this case dihydroxyacetone phosphate would probably form a similar 
addition product. But this latter assumption would not by itself explain 
the experiments with zymohexase in the presence of phosphate, since an 
equal phosphate uptake by both triose phosphates while neutral to isom- 
erase should affect the aldolase equilibrium by increasing the proportion 
of triose phosphate to hexose diphosphate. This does not happen: the 
methyiglyoxal split by acid hydrolysis is not increased in the presence of 
phosphate. The total triose phosphate, therefore, and not only the aldose 
part is unchanged. 

Several known facts can be quoted in favor of the idea that only a 
physical addition product is formed, which, nevertheless, makes the car- 
bony! group more unstable to oxidizing agents. As was shown by Warburg 
and Yabusoe (27) and Wind (28), ketohexoses (fructose, sorbose) and tri- 
oses (dihydroxyacetone and glyceraldehyde) are oxidized in neutral phos- — 
phate solutions by the oxygen of the air. This oxidation, which is catalyzed 
by traces of metal, is dependent on the concentration of phosphate or, in the 
same way, of arsenate (29). It is especially rapid with trioses and with 
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triose phosphates (2). The rate of oxidation increases as the pH is shifted 
from 6.5 to 8.5. Exactly the same is true for the oxidation of glyceralde- 
hvde phosphate by cozymase in the presence of phosphate or arsenate. 

Such a conception of an addition product, which does not possess a second 
asymmetric carbon atom in the aldehyde group, but behaves towards oxi- 
dizing agents like a compound, seems to receive further support from the 
recent interesting model studies of Baer (30) on oxidative cleavage of 
a-keto acids by means of lead tetraacetate in the presence of aleohols and 
other substances possessing hydroxy! groups, including phosphoric acid, 
Here the initial formation of a loose physical or chemical addition product 
(perhaps an “association of molecules held together by weak physical 
forces’) between the keto group and the alcoholic group is indispensable 
for the oxidative splitting. In this way acetylphosphoric acid can be 
formed from pyruvic and phosphoric acids (31) as in the biosynthesis of this 
substance, discovered by Lipmann (32). 

If such a concept applies to our system, the chemical combination of 
phosphate with the glyceraldehyde monophosphate would take place only 
as a result of the oxidation of the loose aldehyde phosphate addition 
product. It was assumed in our former publications (14), preceding the 
discovery of the diphosphoglyceric acid of Negelein, that the phosphate 
uptake in this system was brought about by cozymase, which would act 
simultaneously as a phosphorylating and oxidizing coenzyme. The glye- 
eraldehyde-3-phosphate reacting with cozymase in the presence of phos- 
phate was called the “‘reaction form of sugar."” We acknowledge fully the 
great progress achieved by Warburg and his coworkers in isolating the 
oxidizing enzyme and its reaction product, the diphosphoglyceric acid, 
whereby an intermediary step of the “coupling reaction” between phos- 
phorylation and oxidation was demonstrated. Nevertheless, their state- 
ment (12), that our ideas had proved to be wrong in view of their alleged 
discovery of a diphosphoglyceraldehyde as the reaction form of sugar in- 
stead of a monophosphoglyceraldehyde, supposed by us, may perhaps turn 
out to be not only unjust but premature. 


SUMMARY 


Methods are described for determining very small amounts of d-3-glye- 
eraldehyde phosphate in the presence of large amounts of dihydroxyace- 
tone phosphate and hexose diphosphate. In this way the equilibrium 
constant of isomerase [dihvdroxyacetone phosphate |/ {glyceraldehyde 
phosphate } is found to be 20 to 25. The same value of 4 to 5 per cent glye- 
eraldehyde phosphate in the total triose phosphate is obtained with 
preparations of zymohexase (aldolase + isomerase) and of purified isom- 
erase. 
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The values for the equilibrium constant of aldolase, 


(Dihydroxyacetone phosphate] ‘(glyceraldehyde phosphate} 
[Hexose diphosphate] 


as determined with zymohexase or with purified aldolase, are also in com- 
plete agreement. 


None of the equilibria is influenced by the presence of inorganic phos- 


phate (0.04 to 0.1 M) even if the oxidizing enzyme of Warburg with or with- 


out cozymase is also added. 


No substance is formed which breaks down 


into glyceraldehyde phosphate and phosphate, as has to be assumed for a 
diphosphoglyceraldehyde. 


The rdle of phosphate in the oxidation of glyceraldehyde phosphate by 


cozymase has to be sought, therefore, in the establishment of a loose phys- 
ical addition product of these components, which would enable the forma- 
tion of diphosphoglyceric acid by oxidation, without being in itself a 
definite chemical compound. 
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ON THE COAGULATION OF FIBRINOGEN* 


By ERWIN CHARGAFF ano AARON BENDICH 
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The nature of the chemical reactions that, in the presence of thrombin, 
lead to the formation of fibrin, the insoluble coagulation product of fibrino- 
gen, is largely unknown. Because of the lack of reliable comparative 
analyses of the composition of pure fibrinogen and fibrin and of the amino 
acid distribution in these proteins, it is not even possible to decide whether 
the products obtained from fibrinogen by heat coagulation and by the 
action of thromlnn are different. To speak, as is sometimes done, of throm- 
bin as a “‘denaturase”’ (1, 2) is, at the present state of our knowledge, an 
addition to our terminology rather than to the understanding of the reac- 
tions involved. 

Papain has been shown to coagulate fibrinogen directly (3), but this in 
itself is not sufficient indication of the proteolytic nature of the physiolog- 
ical coagulation phenomenon. It is, however, conceivable that with cer- 
tain enzymes the formation of fibrin represents the first step in the pro- 
teolytic degradation of fibrinogen and that this initial phase is particularly 
protracted with thrombin as clotting agent. The literature contains re- 
ports on the fibrinolytic action of thrombin (4, 5), and experiments on the 
formation and lysis of fibrin by staphylococci may also be cited (6). For 
the time being, it would appear advisable to limit the definition of the 
action of thrombin to the statement that it brings about changes in the 
structure of fibrinogen that lead to the formation of the insoluble protein 
fibrin,’ and to defer speculation on the nature of these changes to a time 
when more experimental data are available. 

It has recently been found and briefly reported from this laboratory (7) 
that ninhydrin (1 ,2,3-indantrione hydrate) (1) coagulated fibrinogen and 
formed clots which in some respects closely resembled fibrin. Alloxan 
(Il) and salicylaldehyde were likewise, although much less markedly, ac- 
tive. This observation led to a search for other synthetic agents having a 


* This work has been supported by a grant from the John and Mary R. Markle 
Foundation. This is Paper XVI of a series of studies on the chemistry of blood 


coagulation. 
' It will avoid misunderstandings if the term fibrin is reserved for the coagulation 
product obtained with thrombin. Insoluble products formed from fibrinogen with 


other clotting agents will be referred to as coagulated fibrinogen. 
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c=—0 NH—CO 

co CO 

\Ac 

O NH—CO 
(1) 


similar action. The sodium salt of 1 ,2-naphthoquinone-{-sulfonic acid 
(II1) and the potassium salt of / j-naphthoquinone-2-sulfonte acid 
have been found to produce firm clots from solutions of purified fibrinogen 
at 30° and pH 7. Chloramine-T (sodium p-toluenesulfonchloroamide) 
(V), while acting even more rapidly under similar conditions, forms a 
loose coagulum. 


0 CH, 
| | | 
»—S8O,h 
1 
\4 Vi \ Na 
SO.Na 0 
\ 
cl 
(IV) 


Neither the thromboplastic factor nor calcitum was required in this reae- 
tion which proceeded with fibrinogen preparations free of prothrombin. 
The clotting times observed depended on the concentrations of both the 
fibrinogen and the clotting agent. In fibrinogen solutions of the strength 
used in the present investigation, the clotting agents, with the exception of 
chloramine-T, produced firm coherent clots. The retraction of the clots 
appeared to proceed at a faster rate than with fibrin produced by thrombin: 
a solid opaque core of protein began to form underneath the transparent 
gel a short time after the coagulation by the clotting agent in high con- 
centration. 

In a number of experiments, the recovery of nitrogen in the coagulation 
products was studied (Tables II] and IV). With ninhydrin and the 
a- and 8-naphthoquinone sulfonates, the amounts of fibrinogen N recovered 
in the clots were of the same order of magnitude as found in the correspond- 
ing fibrin samples. Alloxan, and perhaps also chloramine-T, appeared to 
atteck the protein more energetically. The low sulfur content of the co- 
agulation product obtained with alloxan (Table IIL, Experiment 4) may be 
significant. Compound formation between ninhydrin and _ fibrinogen 
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seemed to have occurred to only a slight extent, if at all. The somewhat 
higher sulfur contents of the fibrinogen samples clotted by the naphtho- 
quinone sulfonates may indicate the presence of these agents in the clots. 
It is, however, so difficult to wash these coagulation products satisfactorily 
that mechanical adsorption cannot be excluded. It would undoubtedly 
be of interest to study the x-ray diffraction patterns of the coagulation prod- 
uets of fibrinogen. 

The clotting activity of the ketones and quinones mentioned in the pre- 
ceding paragraphs made it appear of interest to study a number of biologi- 
eally occurring compounds that could, under physiological conditions, con- 
ceivably give rise to active substances. One of the systems studied was 
mesotnosttol and the series of oxidation products derived from it; viz., 
tetrahvdroxyquinone (VI), rhodizonie acid (VII), croconie acid (VIIT), 
leuconic acid (IX). None of these compounds, however, exhibited any 


| | 
HO- on -OH 


| 
O O 
(VID (VII) (VIID (IX) 


clotting activity. Solutions containing l-ascortic acid oxidized with iodine 
(8-10) or by the catalytic action of the ascorbic oxidase from squash (11) 
likewise had no effect on fibrinogen. 

Another biological system studied, which could be considered most 
immediately related to the subject of this communication, was that of com- 
pounds belonging to the eilamin K group, of which 2-methyl-1 ,4-naphtho- 
quinone is the most active representative (compare (12-14)). The ex- 
amination of the possible direct role in clotting of compounds displaying 
vitamin WK activity is, unfortunately, difficult. The quinones having vita- 
min K activity are not sufficiently soluble in water for clotting tests and 
all known water-soluble vitamin K analogues are derivatives of either the 
related hydroquinone or of naphthalene. Two water-soluble derivatives 
of 2-methyl-1 ,4-naphthoquinor.s were examined; viz., the potassium salts 
of 2-methyl-1 ,4-naphthoquinone-3-sulfonic acid (X) (15) and the new com- 
pound’ 2-methyl-1 ,4-naphthoquinone-8-sulfonic acid (XI). The anti- 
hemorrhagic activity of compound (X) is only slight ((15), compare also 
(16)) and that of compound (XI) has not yet been established, but it is 


* The position of the hydroxyls in compounds (VII) and (VIII) is not quite certain. 
* Chargaff, E., and Bendich, A., unpublished results. 
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SO.K O 
A) 

(X) (XI) 


known that the introduction of a methyl group into position 8, as in 2,8- 
dimethy]-1 ,4-naphthoquinone (17), destroys the antihemorrhagic activity 
almost completely (13). Compound (X) proved inactive as a clotting 
agent. As this was possibly due to the absence of a free 3 position, com- 
pound (X1) was prepared, but it, too, failed to coagulate fibrinogen. 

It thus cannot be proposed at present that vitamin K, or a compound 
to which it gives rise in the body, is directly involved in the coagulation of 
fibrinogen; e.g., as a prosthetic group in the prothrombin or thrombin 
molecule. The contrary may, in fact, be true; viz., that quinones display- 
ing vitamin K activity are structurally protected from entering into reac- 
tions with the body proteins (of which the clotting of fibrinogen may be 
only one instance) that would prevent them from reaching the liver. A 
similar suggestion was first put forward by Fieser and collaborators ((13) 
p. 668). 

A list of other carbonyl compounds which were tested for fibrinogen 
clotting and found inactive will be given in the experimental part. It is, 
perhaps, noteworthy that the triketone 2,3, /-(rikctopentanc, which may be 
considered the simplest aliphatic analogue of ninhydrin, failed to coagu- 
late fibrinogen. 

The discussion of the possible mechanism of action of the synthetic 
clotting agents on fibrinogen will best start from the fact that most of the 
compounds found to be active are able to oxidize amino acids and peptides 
containing free amino groups. This effect has been shown for chlor- 
amine-T (18), 1,2-naphthoquinone-4-sulfonic acid (19), ninhydrin (20, 
21), and alloxan (22). For purposes of comparison the action on alanine 
of some of the clotting agents and also of several carbonyl compounds 
devoid of coagulant activity was studied. It will be seen from the data 
presented in this paper that, with one significant exception, the ability of 
the compounds to decarboxylate the amino acid paralleled their activity 
in the coagulation of fibrinogen. Generally, substances that failed to 
liberate CO, from alanine were inactive in clotting, with the exception of 
1 ,4-naphthoquinone-2-sulfonic acid which, although an active clotting 
agent, did not decarboxylate alanine. 

The very pronounced reactivity of 1 ,2-naphthoquinone and its 4-sulfonie 
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acid is well known and has been particularly stressed in the procedures 
developed by Ehrlich and Herter (23) and by Folin (24). Amines are 
added in position 4 (25, 26), in the case of the 4-sulfonate with the simul- 
taneous liberation of bisulfite (27). It is, however, not quite clear whether 
the mechanism of the reaction with amino acids and, in particular, of the 
concomitant liberation of CO, is similar to that formulated for ninhydrin 
(20,21). Compare also the observations on the reaction between proteins 
and ninhydrin (28) and 1,2-naphthoquinone-4-sulfonie acid (29). 1,4- 
Naphthoquinone is known to condense in position 2 with p-aminobenzoic 
acid (30) and other amines (31,32). In the absence of direct information 
on the reaction of a-naphthoquinone with amino acids an anaiogy may be 
cited ; viz., the behavior of p-quinone towards glycine esters, studied by Fi- 
scher and Schrader (33), where addition in positions 2 and 5 of the quinone 
was observed. The reactions between 1 ,4-naphthoquinone-2-sulfonic 
acid and amines have not been sufficiently investigated (34). 

There would appear to be several possible mechanisms of the clotting 
of fibrinogen by the synthetic agents; e.g., (1) oxidation of aminoacyl 
groups present in the protein, (2) oxidation of other susceptible groupings, 
such as sulfhydryl (35), (3) combination of the clotting agents with the 
protein, perhaps through the phenolic group of tyrosine, as in the complex 
compounds between | ,4-naphthoquinone and various phenols (36). The 
systems considered in this study are too complicated to permit a con- 
sideration of the possible réle of semiquinones (37) in the coagulation of 
fibrinogen by quinones. 

Mechanism (1) agrees best with the experimental analogies reviewed be- 
fore. If the oxidation proceeded by way of an amino acid to a keto acid, 
the breakdown of the latter to give CO, could in certain circumstances be 
expected. The conditions, however, under which clotting experiments 
have to be performed (low temperature, short duration of the experiment) 
are not such as would favor the decarboxylation of a keto acid. Experi- 
ments in which large amounts of fibrinogen were rapidly clotted by ninhy- 
drin failed to reveal, by a sensitive micro conductometric method, the 
liberation of CO,, 

Reducing substances, as sodium bisulfite and glutathione, were found 
to inhibit the action of the clotting agents. The effect of glutathione on 
1,2-naphthoquinone-4-sulfonic acid was not very marked. Sodium 
arsenite and sodium isoascorbate were ineffective as inhibitors. 

When the conception of the clotting of fibrinogen as an oxidative process 
is extended to the formation of fibrin by thrombin, it will be understood 
why the chemical differences between fibrinogen and fibrin are, at least 
from what little we know about the composition of these proteins, so small. 
The removal from the large molecule of a few polar groups or the blocking 
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of these groups would not produce a noticeable change in the analytical 
figures. But a reaction of this type (whether it is to be called proteolytic 
is a mattcr of definition) might be sufficient to bring about a conspicuous 
and irreversible change in the solubility of a large molecule. 

Attempts were made to analyze the composition of the atmosphere above 
a clotting mixture both before and after the addition of thrombin to fibrino- 
gen. Thanks to the collaboration of Dr. D. Rittenberg, the CO, concen- 
trations were measured in the mass spectrometer. In several experiments 
with large amounts of purified fibrinogen, indications of the liberation dur- 
ing clotting of very small amounts of CQ, were obtained, but the results 
were not always reproducible. It may be mentioned that in these experi- 
ments rapid coagulation of fibrinogen by thrombin was observed in an at- 
mosphere of water vapor at a nitrogen pressure of 10° mm. of Hg. The 
nitrogen contained less than 0.1 per cent of oxygen. This obviously indi- 
cates that the action of thrombin requires no atmospheric oxygen. 

-xperiments on the effect of various reducing agents on the coagulation 
of freshly prepared fibrinogen by thrombin demonstrated the inhibiting 
action of sodium bisulfite, which is in line with similar results obtained with 
the svnthetic clotting agents. Other reducing substances were without 
effect. It will be remembered that under different experimental conditions 
cysteine (38), which was not used in the present study, and glutathione 
(39) have been found inhibiting. It should be borne in mind that it is at 
present not possible to decide whether the reducing agent acts on the throm- 
bin or on the fibrinogen, but by analogy to the behavior of the synthetic 
clotting agents, the first assumption appears preferable. 

We hope to continue these studies with an investigation of the behavior 
of other oxidizing agents and other quinones and of additional biological 
systems; ¢.g., the flavins and the oxidation products of adrenalin. 


EXPERIMENTAL 
Fibrinogen 


Preparation— Most experiments were carried out with fibrinogen prepa- 
rations that were freshly obtained from human or horse plasma.‘ Ina 
typical experiment, 25 gm. of washed Cag(PO oO. were added to 600 ce. of 
citrated horse plasma, in order to remove prothrombin (40). The mixture 
was centrifuged 10 minutes later in an angle centrifuge at 4700 Rn pat. 
The precipitate produced by the addition to the supernatant of 900 ce. of 
saturated sodium chloride solution was removed by centrifugation, dix 


‘ We should like to express our appreciation for the courtesy of Dr. WG. Maleolm, 
the Lederle Laboratories, Inc., Pearl River, New York, who supplied large amounts 
of horse plasma. We are also indebted for some horse plasma to E. R. Squibb and 
Sons, New Brunswick, New Jersey. 
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solved in 160 ec. of 0.14 mM NaCl solution, and reprecipitated by the addition 
of 200 ec. of saturated NaCl solution. After one or two additional precipi- 
tations from its solution in 100 ec. of 0.14 Mm NaCl by means of an equal 
volume of saturated NaCl solution, the protein was dissolved in 0.14 m 
NaCl and the centrifuged solution used in the experiments. All operations 
were carried out at a low temperature with ice-cold fluids containing a 
trace of potassium oxalate. The fibrinogen solutions usually employed 
had a concentration of between O.4 and 0.7 per cent. All experiments 
were performed within a few days after the preparation of the protein, 
during which period the solution was stored in the frozen state at — 40°. 

Coagulation—U nless otherwise indicated, the clotting experiments were 
earried out at pH 6.8 to 7.0 in a water thermostat kept at 30.5°, with small 
Pyrex tubes (10 & 75 mm.) which contained 0.2 ec. of the fibrinogen and 
0.03 cc. of the test or control solutions. 


Clotting Effect of Ninhydrin 


It was shown in a previous communication from this laboratory (7) that 
ninhydrin (1,2,3-indantrione hydrate) produced clots when added to a 
solution of fibrinogen. Eastman Kodak preparations of ninhydrin were 
used in all experiments. This reaction did not require prothrombin, eal- 
cium, or the thromboplastic factor. In the formation of fibrinogen clots 
by ninhydrin (cf. (7)), a slight blue tint appeared when the clotted mix- 
ture was heated or stored for more than 2 hours. 

The clotting time depended on the concentrations of both the fibrinogen 
and the ninhydrin, as shown in Table I. If the fibrinogen concentration 
was kept constant, smooth curves were obtained by plotting the clotting 
time against ninhydrin concentration. These curves were fairly well 
reproducible for different fibrinogen preparations. It was, consequently, 
possible by extrapoiation to estimate the fibrinogen concentration of a 
solution by determining the time required for its coagulation by a known 
amount of ninhydrin. 


Clotting Effect of Quinones 
Preparation of Material—The potassium salt of 1 ,4-naphthoquinone-2- 


sulfonic acid was prepared from 1,4-naphthoquinone according to the 
method of Fieser and Fieser (41). 


CyeHyOWK (276.3). Caleulated, 8 11.60, K 14.16; found, 8 11.40, K 14.00 


The sodium salt of | ,2-naphthoquinone-4-sulfonic acid was an Eastman 
Kodak preparation, purified by reerystallization. 
* The results obtained with too dilute fibrinogen solutions are erratic and unre- 


liable. In all experiments reported here the amounts of fibrinogen N used, a more 
exact measure than the percentage of fibrinogen, are indicated. 
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The potassium salt of 2-methyl-1 ,4-naphthoquinone-3-sulfonic acid was 
prepared from 2-methyl-1 ,4-naphthoquinone*® according to Moore (15). 


Cy, H,O,8K (290.3). Calculated, 11.05, K 13.48; found, S 11.25, K 13.49 


The synthesis of the potassium salt of 2-methyl-1 ,4-naphthoquinone-8- 
sulfonic acid will be reported in a separate publication. This new com- 
pound was obtained by the oxidation of 2-methyinaphthalene-S-sulfona- 
mide tc 2-methyl-1 ,4-naphthoquinone-8-sulfonamide. 

Clotting Action—The coagulation of human fibrinogen by potasstum 
1 ,4-naphthoquinone-2-sulfonate and the influence of the relative concen- 


Taste I 
Coagulation of Fibrinogen by Ninhydrin and Potassium 1 ,4-Naphthoquinone.2- 
sulfonate 
Columns a represent clotting by ninhydrin (1 micromole — 178.1 y); Columns 4, 
clotting by potassium a-naphthoquinone sulfonate (1 micromole = 267.3 y). Each 
tube contained 0.2 cc. of the solution of human fibrinogen and 0.66 ec. of the solution 
of the clotting agent. The experiments were carried out at 30.5° and pH 68. 


~ 


Clotting agent in experiment, micromoles 


Fibrinogen - 
Nie | 35 1.75 om 0 
experiment 
7 | om | ais. min | min. mim min 
620 | 5 | 3 | 9 were 35 9 | >20 
310 | | 
155 | | 18 8 | 
78 | | | 13 | 


trations of the two reactants on the coagulation time are demonstrated in 
Table I. 

The clotting effect of sodium 1 ,2-naphthoquinone-4-sulfonate is shown 
in Table II, with horse fibrinogen as substrate. The coagulation of the 
same protein by the 1 ,4-naphthoquinone-2-sulfonate is likewise included. 
In general, the most rapid firm coagulation of fibrinogen was observed with 
the 1 ,4-naphthoquinone sulfonate, followed in this order, by the | ,2-naph- 
thoquinone sulfonate and ninhydrin. 

The potassium salts of 2-methyl-1 ,4-naphthoquinone-3-sulfonic acid and 
of 2-methyl-1 ,4-naphthoquinone-8-sulfonic acid exhibited no clotting ac- 
tivity. 


®* We wish to thank Dr. John Lee of Hoffmann-La Roche, Inc., Nutley, New Jersey, 
for the starting material. © 
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Additional Clotting Agents 


Only a few of the numerous compounds tested were found to coagulate 
fibrinogen. They were chloramine-T (sodium p-toluenesulfonchloro- 
amide), alloran, and salicylaldehyde. Chioramine-T produced more rapid 
clotting than any other synthetic agent, but the resulting coagulum was 
extremely soft and loose. The following coagulation experiment was car- 
ried out at pH 7 with a preparation of human fibrinogen (650 y of fibrino- 
gen N in 0.2 ce.) and solutions of neutralized chloramine-T. 


Qhloramine T in experiment, micromoles 5 | 2.5 1.25 | 0.63 0 

Clotting time, min. | <1 | l 4 | 7 >120 
Tassie Il 


Coagulation of Fibrinogen by Quinones 
Each tube contained 0.2 ec. of the solution of horse fibrinogen, corresponding to 
125 y of fibrinogen N, and 0.08 ec. of the solution of the clotting agent. The experi- 
ments were carried out at 30.5° and pH 6.8. 


Clotting agent in experiment, micromoles 


3s | 17s | oss | O46 022 | 0 
min. min. min. | min. min. min. 
Potassium 1, 4-naphthoquinone-2-sulfo- | 
nate (1 micromole = 267.3 7) 6 | s 10 | 2 | >120] >120 
Sodium = =1,2-naphthoquinone-4-sulfo- | | 
nate (1 micromole = 260.2 ,) Mm | 15 | 2 | 47 | >120 | >120 


- - 


The effects of the two other agents mentioned were extremely weak. 
Alloxan coagulated 0.2 cc. of an 0.8 per cent solution of human fibrinogen 
in 28 minutes in a concentration of 10 micromoles and in 60 minutes in a 
concentration of 5 micromoles. The addition of 0.03 ec. of a saturated 
solution of salicvlaldehyde in physiological saline to 0.2 ce. of the same 
fibrinogen preparation produced clotting in 40 minutes. 


Analysis of Coagulated Fibrinogen Samples 


In one series of experiments, the nitrogen distribution following coagula- 
tion and the composition of the clotted fibrinogen samples resulting from 
the coagulation of purified horse fibrinogen by thrombin, ninhydrin, and 
alloxan were followed quantitatively. The thrombin preparation used 
was obtained from human plasma by the method of Eagle (42). The 
fibrinogen solutions and the solutions of the clotting agents (in physio- 
logical saline) were adjusted to neutrality. Following the addition of the 
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clotting agents, the mixtures were kept at room temperature for } hour and 
subsequently stored in the refrigerator for 48 hours. They were then cen- 
trifuged, and the precipitates washed with four 10 cc. portions of ice-cold 
water and dried tn vacuo over P,Os. The united supernatants and wash. 
ings were adjusted to an exact volume of 100 cc. and aliquots analyzed for 
nitrogen. In the experiment with thrombin, allowance was made for the 
amount of nitrogen introduced as thrombin. The dried samples of coagu- 
lated protein were, for analysis, allowed to equilibrate with air and their 
moisture and ash contents determined in separate analyses, in order to 
arrive at the corrected analytical figures reproduced in Table Ill. The 
coagulation product obtained by ninhydrin was steel-blue before and 
slightly yellow after washing. 

In another set of experiments the coagulation of human fibrinogen by 
beef thromilin,’ ninhydrin, 1 ,4-naphthoquinone-2-sulfonate, 1 ,2-naphtho- 


Tassie Ill 
Quantitative Analysis of Coagulated Horse Fibrinogen Ire parations 
Vol of Fibr 
E j- ‘o ibri Ni coagulat 
ment Clotting agent reaction ogen N super hbrinogen 
No. | mixture used natant nll 
| per tof 
| “. me me. me = 
1! Thrombin 205 183 16.0 87.4 29 15.4 O@ 
2 Ninhydrin, 54 mg. 22 21.6 18.6 wh 3.0 46 L1G 
3 35 22.8 19.1 3.4 


Alloxan, 213.9 


22.8 82 26.0 3.1 08 


quinone-4-sulfonate, and chloramine-T was examined. The clotting agent, 
dissolved in 2 ec. of M/15 phosphate buffer of pH 6.83, was added with con- 
stant stirring to 10 ec. of the buffered fibrinogen solution. After 2 hours 
at 26° the clots were broken up, centrifuged off, and washed twice with 3 
ec. portions of physiological saline and three times with the same amounts 
of distilled water. The analytical procedure was similar to that described 
in the preceding paragraph. The results, corrected as above, are sum- 
marized in Table IV. It may be mentioned that in this experiment the 
clots, with the exception of the white fibrin produced by thrombin, ex- 
hibited the following colors in both the wet and the dry states: violet 
with ninhydrin and 8-naphthoquinone sulfonate, deep orange-red with 
a-naphthoquinone sulfonate, light pink with chloramine-T. 


? We are highly indebted for this preparation to Dr. D-W. MacCorquodale of the 
Abbott Laboratories, North Chicago, Ulinois. 
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id Influence of Reducing Substances on Fibrinogen Coagulation ol 
a The effect of reducing substances on the coagulation of fibrinogen by -§ ] 
Id synthetic clotting agents and by thrombin was investigated with sodium Ht 
h- bisulfite (NaHSQ),), glutathione, sodium arsenite (NaAsQ,), and sodium 
or d-araboascorbate.* The action of these compounds on the clotting of i 
Taste IV 
ir Quantitative Analysis of Coagulated Human Fibrinogen Preparations yj 
e Exper: Coagulum N re- Nin | a 4 
ment Clotting agent covered (303mg. super- 
per cent of 
v me mg. fibrinogen percent per cent 
A N used 
1 | Thrombin 40 2.0 924 23 | 17.6 1.12 
2 Ninhydrin 16.0; 26.9; 88.8 | 2.4 | 16.1 | 1.21 
3 Potassium 23.2 26.1 S61 3.5 16.3 1.69 
none-2-sulfonate 
4 Sodium 1,2-naphthoquinone- 22.0 27.3 9.1 1.9 16.3 1.41 4" 
t-sulfonate 4 
5 Chloramine-T 38 W6 68.0 8.7 16.7 1.34 4 
V 
Effect of Sodium Bisulfite on Coagulation of Human Fibrinogen by Quinones i 
Each tube contained 0.03 ce. of the solution of the clotting agent and 0.03 cc. of i ‘ 
the NaHSO, solution dissolved in u/15 phosphate buffer of pH 6.8. 2 minutes later it 
0.2 ec. of a neutral solution of human fibrinogen (corresponding to 0.10 mg. of fibrin- 4 j 
ogen N) was added. The experiments were carried out at 30.5°. é 4 
Clotting agent in experiment, micromoles j 
Sodium breulfite ssium 1. hoquinone 2 Sodium 1. 2-naphthoquinone-4 
im etperiment sulfonate ag 
1.75 | 35 1.75 | 
H 
min min min min min 
0 i 17 >90 4 
J 
fibrinogen (from human and horse plasma) by organic clotting agents is 
| shown in Tables Vand VI. It will be seen that sodium bisulfite and gluta- 
| thione markedly inhibited the action of the synthetic clotting agents. In 
order to establish whether the inhibiting action of glutathione was due to 
, * We should like to thank Dr. H. M. Wuest of Hoffmann-La Roche, Inc., Nutley, 


New Jersey, for this compound. 
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its reducing properties or to its free —-CH(NH,)-COOH group by means 
of which it could react with the clotting agents, parallel experiments were 
carried out in which alanine was substituted for glutathione. No clotting 
inhibition was observed. The substitution of sodium sulfate for sodium 
bisulfite likewise proved ineffective. 


Tapie VI 


Effect of Reducing Substances on Coagulation of Horse Fibrinogen by Synthetic 
Clotting Agents 
Each tube contained 0.1 cc. of the solution of the clotting agent and 0.1 ec. of that 
of the reducing agent dissolved in m/15 phosphate buffer of pH 6.9. 2 minutes later 
0.2 cc. of horse fibrinogen solution (corresponding to 0.2 mg. of fibrinogen N) was 
added. The experiments were carried out at 30.5". 


Clotting agent (12 micromoles in experiment) 


Reducing substance in experiment 1.4 | 
Ninhydrin naphthoquinone- naph thocuinone- 
2-wsillonate 4 sulfonate 
Glutathione 40 8 
Pe 28 17 6 
Sodium arsenite | 12 | 4 5 
| 6 5 
d-araboascorbate 12 11 5 
6 ll 5 
Control 5 ‘ 
Taste VII 


Effect of Sodium Bisulfite on Coagulation of Horse Fibrinogen by Thrombin 
Each tube contained 0.05 mg. of beef thrombin dissolved in 0.1 ec. of w/15 phos- 
phate buffer of pH 6.8 and 0.1 ec. of the NaHSO, solution in the same buffer. 2 
minutes later 0.2 cc. of the neutral fibrinogen solution (corresponding to 0.37 mg. of 
fibrinogen N) was added. The experiments were carried out at 30.5". 


Sodium bisulfite in experiment, micromoles 


Clotting time, min. 5S 4 2 


The effect of the reducing agents mentioned above on the coagulation of 
horse fibrinogen by beef thrombin (obtained from the Abbott Laboratories) 
was likewise examined. In these experiments only sodium bisulfite proved 
effective (Table VII).° With a dilute solution of human fibrinogen (0.10 


® The somewhat different behavior of dry fibrinogen preparations will be discussed 
at a later date. 
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mg. of fibrinogen N in the experiment) the following clotting times were 
observed at room temperature (27°), when constant amounts of thrombin 
and decreasing amounts of NaHSO, were employed: with 13.5 micromoles 
of NaHSOy,, more than 20 minutes; with 1.35 micromoles, 182 seconds; with 
0.135 micromole, 124 seconds; in absence of NaHSQO;, 107 seconds. 


Examination of Atmosphere above Clotting Mixture in Mass Spectrometer 


It appeared of interest to investigate the possibility of demonstrating the 
liberation of very small amounts of carbon dioxide during the coagulation 
of fibrinogen by thrombin. Thanks to the generous collaboration of Dr. 
D. Rittenberg, a number of experiments could be carried out in which the 
CO, concentration in the atmosphere above a fibrinogen solution both 
before and after the addition of thrombin was determined by means of the 
mass spectrometer (43). 

The fibrinogen solutions used were freshly prepared from horse plasma 
and contained a total of between 15 and 40 mg. of fibrinogen N in a volume 
of 30 ec. of physiological saline. The thrombin solutions contained 10 to 
20 mg. of beef thrombin (obtained from the Abbott Laboratories) in a vol- 
ume of 5 cc. of saline. The fibrinogen solution was adjusted to pH 5.8, the 
thrombin solution to pH 5.9. Nitrogen, free of CO,, was passed through 
both solutions for about 10 minutes, following which they were carefully 
degassed by evacuation with a Hyvac pump. CO,-free air was admitted 
and the pH of the solutions again determined and, when necessary, re- 
adjusted to the values given above. 

The fibrinogen solution, in a 250 cc. flask carrying by means of a side arm 
a smaller bulb containing the thrombin solution, was then connected with 
the mass spectrometer line, and the system repeatedly flushed with nitro- 
gen and evacuated, until the detectable amount of mass 44 (CO,) was mini- 
mal. At this point the thrombin solution was tipped in, whereupon 
clotting invariably took place in a very short time. (In a few experiments 
this operation was preceded by the addition of heat-inactivated thrombin 
from a second side bulb.) It is noteworthy that under the conditions of 
the experiments rapid coagulation of fibrinogen was observed in a nitrogen 
atmosphere (containing less than 0.1 per cent of oxygen) at a permanent 
gas pressure of about 10-* mm. of Hg.; ¢.¢., with a partial oxygen pressure 
of about 10°? mm. of Hg. At each step and also at various intervals after 
clotting, samples of the atmosphere above the clotting mixture were re- 
moved in which the ratio of mass 44 to mass 29 (N™ N"™) was determined. 
In several experiments indications of the liberation during clotting of small 
amounts of CO, were obtained, but the results were not sufficiently re- 
producible to warrant their detailed presentation at this point. It may 
be mentioned that the pH of the clotted mixtures, determined at the con- 
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clusion of the experiments, was always found to have remained almost 
unchanged. 

Attempts were also made to detect the liberation of CO, during clotting 
by means of the very sensitive micro conductometric arrangement de- 
scribed by Witte (44). With the circulating absorption conductivity cell 
used in these experiments it was possible to determine as little as 5 micro- 
moles of CO, (220 y) with satisfactory accuracy. With fibrinogen solu- 
tions, similar to the preparations described at the beginning of this section, 
no liberation of CO, could be demonstrated when thrombin or ninhydrin 
was used as clotting agent. In these experiments, too, we were aided by 
the collaboration and the advice of Dr. D. Rittenberg. 


Clotting Agents and Amino Acid Oxidation 


The ability of the various clotting agents and also of some of the inactive 
carbonyl compounds to liberate CO, from amino acids was studied with 
dl-alanine as substrate. With carbonyl! compounds that were not volatile 
with water vapor, the microtitration procedure of Van Slyke and collab- 
orators (45) was employed; the other substances were examined according 
to the manometric micromethod of Van Slyke et al. (19) in the Van Slyke- 
Neill apparatus. In the latter procedure, especially when extended reac- 
tion times were desired, small glass tubes with ground-in glass stoppers 
were found valuable for the reaction between the carbonyl compound and 
the amino acid. The experimental results are presented in Table VIII. 
The values are corrected for the amounts of CO, spontaneously given off 
by the compounds examined. 


Inactive Compounds 


Carbonyl Compounds—Various carbonyl compounds were tested for 
their action on fibrinogen and found inactive in the concentrations em- 
ploved in this study. Among them may be mentioned formaldehyde, 
acetone, pyruvic acid, diacetyl, dihydroxytartaric acid, 2-ketoglutaric 
acid, 2,3,4-triketopentane, and phloroglucinol. 

2,3,4-Triketopentane was synthesized from  p-nitrosodimethylaniline 
and acetvlacetone according to Sachs and Réhmer (46). The yellow oil 
(b.p. 56-58° under 13 mm. of Hg) was characterized by its disemicarba- 
zone, white crystals from acetic acid melting at 223° (46), and its dianil 
(47), erystals from ethyl! alcohol melting at 155°. 

Inositol and Its Oxidation Products—The entire series of products result- 
ing from the oxidation of mesoinositol was examined for its action on fibrin- 
ogen. The compounds prepared and tested were (1) tetrahydroxyquinone, 
(2) rhodizonic acid, (3) croconic acid, (4) leuconic acid. 

Dipotassium tetrahydroryquinone and dipotasstum rhodizonate were pre- 
pared from inositol according to the method of Preisler and Berger (48). 
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Creconie acid was prepared from rhodizonic acid (49). It is difficult to 
obtain this interesting compound in a satisfactory vield. The following 
method was found to give the best results. The oxidation of 20 gm. of 
inositol with concentrated nitric acid, followed by aeration for 19 hours of 
the oxidation product in potassium acetate solution (48), vielded 9.7 gm. 
of the beautiful purple prisms of dipotassium rhodizonate. The crystals 
were suspended in 150 cc. of water, 20 ce. of 2 N KOH were added, and the 
mixture was heated to boiling for 18 minutes. With small samples, re- 


Taste VIII 
Reaction between Carbonyl Compounds and dl-Alanine 


ment Carbony! compound used time for COs liberated 
No.* reaction | 
| micro. | 
mr. | min | anoles | y 
1 Ninhydrin OM. 6 | 44.2 99.4 
2 T 7 44.4 | 99.7 
3 Alloxan? wi £6 
Sodium 1,2-naphthoquinone-4-sulfonate 30 “ 7 | 32.6 73.2 
5 Sodium !,2-naphthoquinone-4-sulfonate 30 “ 30 | 76.8 
6 Potassium 1, 4-naphthoquinone-2-sul- | 
fonate | | | 
7 Potassium 1,4-naphthoquinone-2-sul- 30! “ | 60 1.4) 3 
fonate | | | 
S 1,4-Naphthoquinone 23 15 03 
Potassium 2-methyl-1,4-naphthoquinone- 30. T 20 0 0 
3-sulfonate | | 
10 Methy!-1, 4-napht hoquinone 30); M. 0 
Dipotassium tetrahydroxyquinone} 15 1d 4 
12 =©Dipetassium rhodizonate} | 3.0! 7 
13 Dipetassium croconate OM. O 
14 10 15 0.2) O 
15 13 15 19; 4 


* In each experiment 44.5 micromoles of dl-alanine were used. The reactions were 
carried out in citrate buffer of pH 4.7. 


t M. designates the manometric (20), T. the titrimetric (45) procedure. 
t With this compound considerable spontaneous evolution of CO, was observed. 


moved at various intervals during this treatment, test precipitations of the 
barium salt were made. When the brick-red color of this salt had changed 
toa pure vellow, the solution was allowed to cool, and was filtered and con- 
centrated in vacuo to a volume of 30 cc. The crude product, obtained as 
needles on brief cooling, was three times recrystallized from small amounts 
of water in the presence of norit, when the beautiful vellow needles of 
dipotassium croconate, weighing 1.3 gm., were obtained. For analysis, the 
compound was dried in vacuo at 110°. 


: 
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(218.2). Calculated, K 35.8; found, K 36.0 


The recovery of additional material from the united mother liquors was 
laborious and had to proceed through the barium salt. In this manner 
0.4 gm. of potassium croconate was isolated. The total amounted to 2) 
per cent of the theoretical yield. 

Leuconic acid was prepared in solution by the oxidation of potassium 
croconate with the equivalent amount of nitric acid (50, 51). When the 
solution of leuconic acid was adjusted to neutrality, to test for its clotting 
activity, great care had to be taken to avoid an alkaline reaction, since 
otherwise decomposition and precipitation of sodium mesoxalate (52) took 
place. 

Inositol and croconic and leuconic acids were tested with fibrinogen in a 
maximum concentration of 3.5 micromoles in the experiment; tetrahy- 
droxyquinone and rhodizonic acid had to be tested in lower concentrations 
(1 micromole) because of their scant solubility in water. All compounds 
were inactive. 

Ascorbic Acid and Its Oxidation Products Attempts were made to test 
the effect on fibrinogen of the oxidation products of ascorbic acid. The 
oxidation of solutions of ascorbic acid with the required amount of iodine 
followed by careful neutralization led to inactive solutions. Since dehy- 
droascorbic acid is known to be unstable in vitro above pll 4, experiments 
were also carried out at pH 6.8 with an ascorbic acid oxidase preparation 
freshly obtained from summer yellow squash (11). The incubation of 
ascorbic acid and fibrinogen in presence of the ascorbic oxidase, however, 
did not produce coagulation. 


The authors are very grateful to Mr. W. Saschek for a number of micro- 
analyses. 
SUMMARY) 


The following substances in low concentration were found to coagulate 
fibrinogen (in the order of their activity): chloramine-T, potassium 1 ,4- 
napht hoquinone-2-sulfonate, sodium 1 ,2-naphthoquinone-4-sulfonate, nin- 
hydrin, and, much less markedly, alloxan and salicylaldehyde. 

Some of the theoretical implications of the coagulation of fibrinogen by 
quinones were pointed out. Since most of the active clotting agents have 
been known to oxidize amino acids and certain peptides, the action of the 
thrombin on fibrinogen may likewise be of an oxidative nature. 

Because of the importance of vitamin Kk in blood clotting, two sulfonic 
acid derivatives of 2-methyl-1 ,4-naphthoquinone were tested with fibrin- 
ogen, but proved inactive. Other biological systems examined, which also 
were ineffective, were ascorbic acid, inositol, and their oxidation produets. 


| 
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ON THE ORIGIN OF 8-ALANINE IN THE ANIMAL BODY AND 
A MICROBIOLOGICAL METHOD OF 8-ALANINE ASSAY 


By JAY R. SCHENCK* 
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York City) 
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The existence of 3-alanine in muscle tissue has been recognized since its 
discovery in muscle extract by Engeland (1) and its identification as a 
component of carnosine by Gulewitsch (2). 3-Alanine early attracted 
speculation as to its origin, since, in contrast to most of the other known 
amino acids found in nature, its amino group is in the 8 rather than in the 
a position. The conversion of aspartic acid to 8-alanine by putrefactive 
bacteria was demonstrated by Ackermann (3) and a similar reaction has 
been postulated for the formation of carnosine in the animal body. A 
hypothetical precursor, 3-aspartylhistidine, has been assumed to undergo 
decarboxylation to produce carnosine (3-alanylhistidine). 


H—C—N CO; H—C—N 
C-i 

4 
C—N—H C—N—H 
| | 
Ci, NH, CH, NH, 


| 
H—C—NH—CO—CH.—CH. 
| 
COOH COOH 


As yet, no experimental evidence has been brought forth to confirm this 
hypothesis. Du Vigneaud and Hunt (4) synthesized 8-aspartylhistidine 
and showed that it, like carnosine, could support growth of rats on a diet 
deficient in histidine. This finding justified attempts to establish experi- 
mental conditions which would test whether or not the conversion occurred. 

For such experiments, a sensitive method was needed for the detection 
of carnosine or 8-alanine. Most of the existing methods of analysis for 
earnosine depended on a colorimetric reaction of the histidine portion of the 
carnosine molecule, and since aspartylhistidine would interfere, it was 
necessary to find a more specific test for carnosine. The discovery of 
Mueller (5, 6) that 3-alanine is an essential growth factor for the diphtheria 
bacillus provided the means of developing a sensitive and specific test for 
this compound. By the use of this test, carnosine and 8-alanine could be 
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detected in the presence of aspartic acid or aspartylhistidine, and it was 
possible to devise a quantitative method for the determination of the 
concentration of 8-alanine. The total bacterial growth permitted by an 
unknown sample was compared with that produced by known amounts of 
pure #-alanine. Since Mueller (7) had shown that carnosine was less 
effective than 6-alanine in stimulating growth, it was decided at the outset 
to hydrolyze all samples to be assayed. A typical standard curve of bac- 
terial growth as a function of 8-alanine content of the medium is shown 


in Fig. 1. 


= 
ad 
« GROwTH OF 
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Fig. 1. Influence of amount of 8-alanine on the total growth of diphtheria bacilli 


The specificity of this method has been tested with a group of compounds 
related to 8-alanine. Among the compounds incapable of replacing 
8-alanine in the growth test are anserine, d-carnosine, 3-alanylhistamine, 
8-aminobutyric acid, and 8-aminoisobutyric acid. 

The growth test requires about 5 7 of 8-alanine, an amount which com- 
pares favorably with the most sensitive chemical method for carnosine 
which requires about 50 y (8). An independent method based on the 
stimulation of yeast growth by 8-alanine, which will be described in detail 
in a subsequent publication, checked very well with the bacterial growth 
method.' 

With the development of a satisfactory method for the assay of carnosine, 
it became possible to do experiments bearing on the postulated conversion 


1 Since the preparation of this manuscript, a note by Pollack (9) has appeared, 
describing the use of a yeast growth method for 8-alanine assay. 
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of aspartylhistidine to carnosine. Two different methods of approach were 
used. The first was the incubation of tissue slices in the presence of 
aspartylhistidine or aspartic acid. No increase in §-alanine was observed 
during the incubation of these compounds with kidney, liver, or muscle 
tissue. Control experiments showed that neither 8-alanine nor carnosine 
was destroyed under the conditions employed. 

The second method involved the use of the whole animal. Preliminary 
experiments showed that after injection, 8-alanine and carnosine disap- 
peared slowly from the blood stream of rabbits. On the basis of this 
observation, it was thought possible that 8-alanine might be found in the 
blood or urine after the injection of aspartylhistidine and aspartic acid if 
they were decarboxylated rapidly in the intact animal. The growth test 
for 8-alanine was sufficiently sensitive so that the appearance of | per cent 
of the injected compound as 8-alanine in the blood or urine could have 
been detected. However, no indication of a conversion was obtained by 
this method. Thus the experimental results obtained do not afford any 
support for the hypothetical conversion of aspartylhistidine to carnosine. 


EXPERIMENTAL 
8-Alanine Assay Method 


A culture of the Allen strain of Corynebacterium diphtheriae was carried 
with daily transfers on the following medium? (in mg. per liter of solution): 
casein hydrolysate 1000, l-cystine 10, /(+-)-glutamic acid 500, glycerol 500, 
8-alanine 0.5, nicotinic acid 0.5, pimelic acid 0.06, NazgHPO, 240, KH,PO, 
42, MgO 6.4, FeSO,-7H,O 1.0, MnCl, -4H,O 0.5, CuSO,-5H,O0 1.0, ZnSO,- 
7H,O 1.8, CaCl, 6H,O 10. The solution was neutralized to pH 7.5. The 
hydrolyzed casein was prepared by boiling casein with 20 per cent HCl for 
18 hours and the excess acid was removed by repeated evaporation under 
reduced pressure. Calcium salts were removed by making the hydrolysate 
alkaline. 

The basal medium for the assay of S-alanine, essentially that of Mueller 
(10), contained (in mg. per liter of solution): HCl-hydrolyzed casein 
10,000, l-aspartic acid 1250, 1(+ )-glutamic acid 1250, cystine 600, KC] 400, 
NasHPO, 3000, MgCl, 200, pimelic acid 0.15, nicotinie acid 2.3, ethyl 
aleohol 7000, lactic acid 17,500, CaCl,-6H,O 200, FeSO,-7H,O 5, MnCl. - 
4H,0 2.5, CuSO, 5H,0 5, ZnSO,-7H,O 9. A stock solution of this medium 
was maintained with all the ingredients at 3 times the above concentration 
except cystine, calcium chloride, and magnesium chloride. Just before 
use, the cystine was added and the medium was diluted to four-fifths the 
final volume and was adjusted to pH 7.5 (phenol red). 8 ml. of this 


* The author is indebted to Professor J. H. Mueller of Harvard Medical School for 
the culture and for formulae of the media. 
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medium were placed in a test-tube together with 2 ml. of a neutral sample 
to be assayed. The tubes were stoppered with cotton plugs and auto- 
claved for 10 minutes at 10 pounds pressure. A sterile solution of the 
calcium and magnesium salts was then added, followed by a loopful of the 
pellicle from a day-old culture of diphtheria bacilli. The mixture in the 
tubes was incubated in a slanting position for about 70 hours (maximum 
growth is attained in this time). After incubation, the total nitrogen 
content of the bacterial cells was determined in a manner described by 
Mueller (11). The 8-alanine content was determined by comparing the 
growth given by the unknown sample with a standard curve obtained with 
pure 8-alanine in amounts varying from 0 to 15 y as shown in Fig. |. In 
the assays carried out by this method, duplicates performed on different 
days checked within 30 per cent. 

The unknown samples were prepared by hydrolysis with 10 per cent hy- 
drochloric acid. For small portions of tissue (50 to 500 mg.), it was con- 
venient to seal the acid and the tissue in a test-tube and to heat in an oil 
bath at 100-135° for 20 hours. The hydrolysate could be neutralized with 
strong sodium hydroxide and was ready for assay after the humin was re- 
moved by filtration. Added 8-alanine could be completely recovered from 
tissues hydrolyzed in this manner. 


Tissue Experiments 


The following is a typical experiment with rat kidney. The kidneys (3 
gm.) from an adult male rat which had been killed by a blow on the head 
were decapsulated and part of the medulla was removed. The cortex was 
cut into small pieces and homogenized, together with 6 ml. of Krebs-Ringer- 
phosphate solution. 2 ml. of this homogenized suspension were placed in 
Thunberg tubes which contained aspartylhistidine or aspartic acid in the 
side arm. ‘The tubes were evacuated and the substrate was added to the 
tissue by tipping the tube. The tubes were incubated at 37.5° for 2 hours, 
and the contents were assayed for 8-alanine after hydrolysis. No produc- 
tion of 8-alanine could be detected. The same results were obtained with 
rat liver. Muscle strips incubated aerobically in Ringer-bicarbonate- 
glucose solution also yielded negative results. Experiments with slices of 
rat liver and kidney and minced muscle tissue incubated in Ringer- 
phosphate solution in the Warburg manometric apparatus showed no in- 
creased carbon dioxide production in the presence of aspartylhistidine after 
approximately 4 hours of incubation. The increase found after this period 
was attributed to bacterial action and no 8-alanine was found by assay. 
Controls for the above experiments showed that carnosine was not destroyed 
under the conditions used. 
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Intact Animal Experiments 


Injection of 3-Alanine or Carnosine—In a typical experiment, 650 mg. a 
of 8-alanine were injected into a male rabbit weighing 2.2 kilos. After 20, a] 


67, and 212 minutes, the blood contained 0.9, 0.27, and 0.03 mg. of ,- 
alanine per ml. respectively. In 1 hour about 5 per cent of the injected 
8-alanine appeared in the urine. 


Injection of Aspartylhistidine or Aspartic Acid—-390 mg. of aspartyl- 4 
histidine were injected into the marginal ear vein of a male rabbit weighing ! 4 
1.85 kilos. Blood samples removed after 14 and 60 minutes contained no 4 ’ 
S-alanine. If | per cent of the injected aspartylhistidine had appeared in iq 
the blood as carnosine, it could have been detected. The urine contained 4 
no more 8-alanine after the injection than normal urine, and again an ia 
excretion of 1 per cent of the theoretical 3-alanine could have been detected. a 
Several other similar experiments and one with aspartic acid also gave 4 
negative results. a4 

SUMMARY 


A microbiological assay method for 8-alanine based on the growth of the 
diphtheria bacillus is described. This method has been used as an an- 
alytical method in tissue experiments and experiments with intact animals, 
devised to test hypotheses regarding the origin of 8-alanine in the animal 
organism. From these experiments, designed to investigate the possible 
conversion of aspartic acid to 8-alanine or of aspartylhistidine to carnosine, 


from aspartic acid or carnosine from aspartylhistidine. 


The author wishes to express his appreciation to Professor Vincent du 
Vigneaud for his suggestion of the problem and for his interest and counsel 
throughout the course of the investigation. The author is also indebted to 
Dr. Dean Burk, Dr. Fritz Lipmann, and Dr. William H. Summerson for 
advice regarding the experiments in the Warburg apparatus. 
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STUDIES ON KETOSIS 
XXI. THE COMPARATIVE METABOLISM OF THE HEXITOLS* 


By CORNELIA JOHNSTON ano HARRY J. DEUEL, Jr. 


(From the Department of Biochemistry, University of Southern California School of 
Medicine, Los Angeles) 


(Received for publication, March 1, 1943) 


The ready availability of the hexitols due to the development of methods 
of synthesis by electrolytic reduction of the corresponding hexoses has made 
a more complete understanding of their metabolic fate desirable. There 
seems to be some evidence that their metabolism resembles that of the 
analogous sugars. 

Sorbitol is the most readily available physiologically of the hexitols. 
Although Payne, Lawrence, and McCance (1) were unable to demonstrate 
an increase in the liver glycogen of rats after the oral administration of 
sorbitol, Waters (2) showed that marked glycogen deposition resulted when 
the material was injected intraperitoneally, a result which was confirmed by 
Todd, Myers, and West (3). After oral administration, Todd, Myers, and 
West (3), Carr and Forman (4), and Blatherwick et al. (5) demonstrated 
some degree of glycogen deposition in the liver. Better results were 
obtained if the sorbitol was fed in cacao butter. This probably lessens 
peristalsis and prevents the diarrhea which usually accompanies the inges- 
tion of large quantities of aqueous solutions of sorbitol. 

Mannitol is much less readily metabolized. Silberman and Lewis (6) 
were unable to demonstrate the conversion of mannitol to glycogen when 
fed in aqueous solution to rats. When it is fed as 33 per cent of cacao butter 
diet, Carr ef al. (7) found some glycogen storage, although its metabolism 
was at too slow a rate to have any effect on the respiratory quotient. Carr 
and Krantz (8) and Todd, Myers, and West (3) also found glycogenesis 
after the cacao butter-mannitol mixture was given, although the last work- 
ers found no response when the hexitol was administered alone orally or 
intraperitoneally. 

Dulcitol was found by Carr and Krantz (9) to be a source of liver glycogen 
in rats and rabbits when fed in cacao butter, although no noticeable effect 
on the r.q. of rats or on the blood sugar of rabbits could be noted. 

Because of the contradictory results which have been obtained, it seemed 


*Some of the data reported here were presented at a meeting of the Southern 
California Section of the Society for Experimental Biology and Medicine held at the 
California Institute of Technology, June, 1941. They were presented by Cornelia 
Johnston in partial fulfilment of the degree of Master of Science in Biochemistry 
in the Graduate School of the University of Southern California. 
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Taste I 


Liver and Muscle Glycogen of Normal Rats; Previously Fasted 48 Hours, at Various 
Periods after njections of Hezxitols, Glucose, or Sodium Chloride 


Liver Muscle 
| 
Bay ey | 
Sen | 4 Fisher! Fisher 
6 hrs. after injection 
om. per cent per coms | | 
NaCl M. 146 0.21 + 0.03 5 0.% + 0.04 
Glucose..... 154 153.18 + 0.20 2.76 12.98'5 05040.04 3.36 5.73 
Sorbitol. 149) 15) 3.75 + 0.20 2.76 | 16.40 4 0.34 + 0.02, 3.50 | 1.54 
2.76§ 1.966 3.50§ 5.055 
Mannitol 151 14/0.47 40.09 2.76 2.70 | 6 0.25 + 0.02 
NaCl 222 5 0.22 + 0.08 3 0.23 + 0.03 | 
227) 10, 1.53 + 0.12 3.01 6.75 | 8 0.34 + 0.02 3.25 | 3.17 
Dulcitol | 224, 10'0.30 4 0.06 3.01 0.7317 0.2340.02 
NaCl... F. 108 9 0.08 + 0.06 7 0.21 + 0.03 | 
Glucose... 111, 91.97 40.15 2.92 , 11.15 9 | 0.37 + 0.02) 2.80 | 6.12 
Sorbitol... 112 10 2.35 + 0.01) 2.90 13.88 | 9 0.30 + 0.01) 2.98 | 3.53 
2. 906 1.77§ 2. 2.905 
Mannitol . 106 10 0.13 + 0.05 2.90 0.61 | 5 0.28 + 0.07 3.17 | 1.02 
12 hrs. after injection 
NaCl. F. 136) 10 0.01 + 0.01 9 0.224 0.02 
Glucose .... «9 1.8140.27 2.90 6.37 9 04320.02 2.92 6.4 
Sorbitol... | 130 ) 10) 1. 87 +0. 15 2.88 11.32 9 0.404 0.03 2.92 5.9% 
18 hrs. after injection 
eas F. 139 10 0.04 + 0.02 9 0.04002 
Glucose..... 1233 10 1.88 + 0.22 2.88 7.71 10 0.3740.038 2.90 4.82 
Sorbitol ... 136 9 2.2140.12 2.90 18.20 9 0.3740.03 2.92 4.5% 


(2.925 1.195 


* The strength of the glucose and hexitol solutions was 25 per cent unless other- 
wise noted, while that of sodium chloride was 0.9 per cent. In the experiments on 
males, 1.0 ec. per 100 sq. em. of surface area was used; in the females the dose was 
only 0.5 ec. per 100 aq. em. 

t Including the standard error of the mean calculated as follows: \/Zd*/n/V/n 
where d is the deviation and n is the number of experiments. 

t Based on a p value of 0.01 (1 chance in 100 that the difference is due to experi- 
mental error). See Fisher (14). 

§ Comparison with glucose; other comparisons are with controls which received 
sodium chloride. In both series of 6 hour experiments, the liver glycogen after 
sorbitol is significantly higher than after glucose if a p value of 0.1 is used. 

| 9 per cent soultion injected. 


| | 
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desirable to follow the level not only of liver glycogen, but also of muscle 
glycogen after intraperitoneal injection of glucose and the hexitols; also a 
comparison of the ability of the sugar alcohols to be changed to glucose 
seemed worth while by other means of evaluation, such as the degree to 
which they lower exogenous and endogenous ketonuria. Finally, because 
of some unexpected results obtained with sorbitol when administered to 
rats having an endogenous ketonuria, comparisons were also made of g¢ly- 
cogenesis in animals having fatty livers 


Taste Il 


Comparative Effect of Glucose and Various Hexitols on Exogenous Ketonuria of Fasting 
Female Rats Fed 150 Mg. of Sodium Butyrate (As Acetone) per 100 Sq. Cm. 
in Two Divided Doses Daily — 


Acetonuria per 100 sq. cm. as acetone* 


Body Average of 4 
start ist day Ind day day Gay hs 
me. me me. me. 
Controls Ml 1054457 106.1454 108.9 + 4.9 98.2 1065+ 29 
(11) (11) (9) (2) | 
Glucose 148 558475 478459 3754273) | 47944311. 32 11. 20 
(8) (8) (6) (22) | | 
Sorbitol «151 870464 733438 72844055.7 76.9433 6. 53 6.53 
(10) @ |@ as | 
Duleitol 135) SS7T474 804484 01479 82.4 95441 3. 19 3.14 
(8) (8) (7) (2); (28) 
Mannitol 157 99.9481 91.7449 00.0 47.7 73.7 93.9 + 3.9 


“The figures in parentheses represent the ‘sumber of determinations i in the average. 

* Including the standard error of the mean, calculated as in Table I. 

t Ratio of the mean difference to the standard error of the mean difference. 
When this exceeds 3.00, the value is considered statistically significant as com- 
pared with controls. 

t Based on a p value of 0.01 (1 chance in 100 that the difference is due to experi- 
mental error). 


EXPERIMENTAL 


In the studies on glycogenesis, the hexitols, glucose, and sodium chloride 
were administered intraperitoneally in two doses at 3 hour intervals to rats 
previously fasted for 48 hours. The total amount injected per 100 sq. cm. 
of body surface was | cc. of a 25 per cent glucose, sorbitol, or mannitol 
solution or of a 9 per cent glucose or dulcitol solution or physiological saline. 
The dulcitol solution was a saturated one. The gastrocnemius muscle and 
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liver were removed under sodium amytal anesthesia. After the muscle was 
exposed,' the whole area was frozen in situ with an ether-CO, mixture and 
then removed. The liver was also immediately removed, frozen in a dry 
ice-ether mixture, and weighed and the glycogen determined by the pro- 
cedure of Good, Kramer, and Somogyi (10). 


Tasie Ill 


Comparative Effect of Glucose and Various Hezitols on Endogenous Ketonuria of 
Fasting Female Rats Fed 25 Mg. per 100 Sq. Cm. Twice Daily 


— - 


| Acetonuria per 100 sq. cm. as acetone* | | Liver 
Substance Bod oo | Urine — 
ed weight ai 
| | 2nd day 3rd day sth day! Average as | t 
oom. | me. me | = = 
| 
Controls | 138 | 31.7 + 4.2 39.143.1 358432 355422 
| (3) | (8) | (9) (35) | | 
Glucose 135 17323.0 194228 108225 163217 6.85 25.855.227.8 
| (12) (4) | (0) | (6) 
| | 
Sorbitol 139 25.243.0'369435 242440 305222 1.61 22.659.620.3 
| | | 2 | 
Dulcitol | 135 31.5440 398428 216429 31.7422 1.22 27.355.326.8 
(14) | (14) 4 
| 3.28 
Mannitol 135 | 31.1243.9 31724226 196+ 4.0 2.2 2.39 25.558.920.1 
(13) | (i2) | (0) | (5) | f 
| 4.00 | 


The figures in parentheses represent the number of experiments in the average. 

* Including the standard error of the mean, calculated as in Table I. 

t The figures in bold-faced type are the ratio of the mean difference to the standard 
error of the mean difference for the 4th day only when compared with the controls. 

t Ratio of the mean difference to the standard error of the mean difference. 
When this exceeds 3.0, the results are considered significant. 


Exogenous ketonuria was produced by the oral administration twice 
daily of 0.5 cc. of a 22.5 per cent solution of sodium butyrate (containing 
150 mg. of butyric acid calculated as acetone) per 100 sq. em. of surface 
area, as employed earlier (11). The hexitols and glucose were administered 
simultaneously in an amount of 25 mg. per 100 sq. cm. twice daily. In 
order to produce an endogenous ketonuria, fatty livers were first developed 


1 Only those muscles were analyzed in which no contraction occurred prior to im- 
mersion in the freezing mixture. 
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in rats by feeding a high fat diet containing Crisco over a 12 day period, 
as in earlier work (12). On subsequent fasting, the effect of administration 
of 25 mg. of glucose twice daily or equivalent weights of the hexitols on the 
resulting ketonuria was followed. 

At the conclusion of the experiments on endogenous ketonuria, the 
animals were sacrificed and the water and lipid contents of the liver were 
determined (12). In the results recorded in Table LV, glycogen was also 
determined as a portion of the liver. 

The rats used were from our stock colony. In each series of experiments 
litter mates were equally distributed among the different groups as far as 


Tasie IV 
Liver Glycogen of Fat-Free Liver 6 Hours after Intraperitoneal Injection of Glucose or 
Sorbitol in Female Rats Previously Fasted 2 Days after Having Received 
High Pat, Low Protein Diet for 12 Days 


Glucose | Sorbitol 

Liver lipid No. of | fat-iree ‘No. of | | “Liver glycogen on 
ments | Maxi. | Mini. | | ments | Maxi- | | Mean 

per cent  ™. | ov oon percent percent gm, | per cont percent per cent 
<5 3 146 | 3.34! 0.61 | 1.98 
5.00-9.99' 7 | 133 7 | 134 | 2.66 | 0.62/ 1.62 
10.00-14.99 5 | 127 1.82/0.32/1.00! 9 | 130 | 2.12 0.64! 1.38 
15.00-19.99 | 7 | 128 | 1.07/0.50/0.80| 5 | 154 | 2.26 | 1.56 | 1.78 
20.00-24.99 7 | 125 1.56 0.26) 1.05) 3 12% | 1.66 0.46 1.19 
25.00-29.99 6 107 2.00 0.00 1.01 5 123 1.45 | 0.39 | 0.91 
30.00-34.09 4 103 2.42 0.21 | 1.14; 7 | 118 | 1.70! 0.38 | 0.95 
5.00-44.99 5 106 2.31 0.31 1.05) 6 | 116 | 1.47 0.34 | 0.91 


*At the time of injection, ‘after a 48 hour fast. 


possible. ‘The hexitols were highly purified products from the following 
sources: sorbitol (Atlas Powder Company), mannitol (Pfanstiehl), and 
dulcitol (Merck). Surface area was calculated by the formula of Lee (13). 


Results 


The average liver and muscle glycogen of the rats receiving the various 
hexitols, glucose, and physiological saline solution are given in Table I. 
A comparison of the effect of glucose and the hexitols on the exogenous 
ketonuria produced by the feeding of sodium butyrate is given in Table 
Il. Table III] presents a similar summary on rats having an endogenous 
ketonuria produced by the previous feeding of a high fat, low protein diet. 
Table IV records the values of liver glycogen in female rats in which fatty 
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livers had been developed by a high fat, low protein diet, as described 
earlier (11), 6 hours after the intraperitoneal injection of glucose or sorbitol, 
The content of glycogen is calculated on the basis of a fat-free liver so that 
it may be more readily compared with the glycogen levels, recorded in 
Table I, of normal fat levels in the livers. The data demonstrate that a 
marked reduction in ability to form liver glycogen occurs in animals with 
fatty livers; moreover, this decreased transformation is more evident after 
sorbitol than after glucose. 


DISCUSSION 


In each of the four series of experiments carried out to compare the 
glycogenic ability of glucose and sorbitol, which are recorded in Table I 
(6 hours after administration on male and female rats, 12 and 18 hours on 
females), the average level of liver glycogen was invariably slightly higher 
in the sorbitol-injected rats. In the 6 hour experiments, the liver glycogen 
after sorbitol and glucose averaged 3.75 and 3.18 per cent respectively in 
the males and 2.35 and 1.97 per cent in the females. Approximately equal 
levels were obtained at 12 hours (1.87 and 1.81 per cent respectively), al- 
though the levels for sorbitol again were higher at 1S hours (2.21 and 1.88 
per cent). 

On the other hand, the injection of glucose caused a much more imme- 
diate marked rise in muscle glycogen than did sorbitol. In the 6 hour 
experiments on males, the muscle glycogen in the rats receiving sorbitol had 
been elevated only from the control level of 0.26 to 0.34 per cent, while in 
those which were given glucose, the value was 0.59 per cent. Similar 
results were obtained in the 6 hour experiments on females (control 0.21, 
sorbitol-fed 0.30, glucose-fed 0.37), while at 12 and 18 hours the rats 
receiving sorbitol and glucose had practically identical levels of muscle 
glycogen. 

After the injection of mannitol a slight increase in liver glycogen was 
noted in the 6 hour experiments on males. The rise in liver glycogen was 
far less than that reported by Deuel, Hallman, Murray, and Hilliard (15) 
after the intraperitoneal injection of mannose, when an average value of 
1.28 per cent was found. Dulcitol caused practically no increase in liver 
or muscle glycogen, in contrast to the much greater effect of galactose (16). 
The glycogen present in the muscles as well as the livers of the control 
rats was invariably higher in the male rats than in the female rats, which 
confirms our earlier findings (17). 

On the basis of the studies of ketonuria, however, the ability of sorbitol 
to be converted to glucose is much less than would be expected from the 
results on liver glycogen. The administration of sorbitol caused an average 
lowering of ketone bodies of 29.6 mg. (from the control level of 106.5 to 


| 
‘ 
4 
‘ 


er 


ol 
*h 
ol 
ne 
re 
to 


C. JOHNSTON AND H. J. DEUEL, JR. 123 


76.9 mg.), while a similar dose of glucose brought about twice the decrease 
(58.6 mg.). ‘The drop in ketonuria after dulcitol and mannitol was much 
less (16.0 and 12.6 mg. respectively) but both were significantly lower than 
the control level. 

On the other hand, sorbitol produced an effect which was only 25 per 
cent that of glucose in the experiments in which an endogenous type of 
ketonuria was employed. Whereas the lowering of ketonuria after the 
daily administration of 50 mg. of glucose was 19.2 mg., the decrease with 
sorbitol was only 5 mg. ‘This value was no greater than with dulcitol and 
mannitol. With the latter hexitols, however, the effect was only noted 
on the 3rd and 4th days. Possibly some cumulative effect may have 
occurred here. 

In our earlier studies we have usually found a correlation between 
glycogenesis and ketolytic activity. This is certainly not evident in the 
present experiments. Possibly the comparison should rather be made 
between muscle glycogen and ketolysis. It is in the muscle that the ketone 
bodies are oxidized as well as glucose. If any such relationship exists 
between the disappearance of these substances, it should be related to their 
concentration at the site of oxidation. 

Another explanation is neeu.ed for the lowered activity of sorbitol in 
endogenous compared with exogenous ketonuria. This can readily be 
explained if the transformation of sorbitol to glucose is interfered with in 
the animals with fatty livers due to liver damage, since it appears that the 
liver is the chief site for oxidation of sorbitol to glucose. If glycogen were 
not formed in the liver, it could not be available for muscle glycogen. That 
such damage may occur is suggested by other experiments in which a 
decreased glucose tolerance was noted in rats with fatty livers, owing 
presumably to decreased ability in glycogenesis (18). In the experiments 
with animals having fatty livers, it was found that the level of liver glyco- 
gen was markedly lower after the administration of glucose or sorbitol 
than in rats in which the lipid content of the liver was normal. The reduc- 
tion in e'ycogenesis was greater with sorbitol than with glucose. However, 
since glucose is capable of being transformed directly to muscle glycogen 
without any preliminary alteration in the liver, while apparently this 
cannot occur with sorbitol, the discrepancy in the ketolytie action here 
becomes greater. 


SUMMARY 


Sorbitol was found to act slightly more effectively than glucose in causing 
a deposition of liver glycogen when injected intraperitoneally in male or 
female rats in 6 hour studies and in female rats in the 12 to 18 hour experi- 
ments. However, glucose differs in causing a much more prompt and 
greater increase in muscle glycogen, which is evident in the 6 hour experi- 
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ments. The maximum muscle glycogen after sorbitol administration was 
not found until 12 hours later; after 1S hours the levels of muscle glycogen 
were still elevated over the control values in both groups and they were 
identical. However, the ketolytic effect of sorbitol was only 50 per cent 
that of glucose, as shown by exogenous ketonuria; in experiments in which 
an endogenous ketonuria was employed, sorbitol was shown to have only 
25 per cent the effectiveness of glucose. Because the level of glycogen is 
somewhat higher in the liver and much lower in the muscle after sorbitol 
than after glucose, it is suggested that the liver is probably the site of trans- 
formation of sorbitol to glucose. The lower effect of sorbitol in endogenous 
compared with exogenous ketonuria is believed to be caused by the failure 
of the fatty liver to convert sorbitol to glycogen at its normal rate, owing 
to a derangement in its function in animals with fatty livers. 

There is evidence from experiments with exogenous ketonuria that man- 
nitol and dulcitol are both ketolytic nwo and therefore must be potential 
sources of glucose. They are only Half as effective as sorbitol and 25 per 
cent as effective as glucose. In the studies on glvcogen formation, manni- 
tol was found to be only weakly active, while no proof of the transformation 
of dulcitol to this polysaccharide could be noted. 
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CHEMICAL AND BIOLOGICAL STABILITY OF CRYSTALLINE 


VITAMINS D, AND Dy AND THEIR DERIVATIVES 


By W. HUBER anv O. W. BARLOW 


(From the Research Laboratories, Winthrop Chemical Company, Inc., 
Rensselaer, New York) 


(Received for publication, April 6, 1943) 


Fritz, Halpin, Hooper, and Kramke (1) presented evidence that vitamin 
D is not stable when added to various dry carriers as it must be added of 
necessity to mixed feeds. The carriers used include dried whey, sucrose, 
oyster shell, mineral mixtures, sand, kaolin, and MnSO, in mixtures with 
such solvents as ether, corn oil, tuna oil, and the u.s.p. reference oil with a 
menstruum such as cereals and ground corn. Instability is due to num- 
erous substances or conditions that promote oxidation. Temperature 
coefficients and other data indicate that the destruction is due to a chemical 
reaction. 

Thus, all forms of vitamin D, including activated ergosterol in a crystal- 
line form or when adsorbed on casein (ertron), activated 7-dehydrocho- 
lesterol (crystalline vitamin ID), as well as vitamin D from natural sources, 
are susceptible to destruction. This change occurs more rapidly in a dry 
dispersed state than in emulsions. 

Various methods for stabilizing vitamin D have been tested. The most 
effective protection is afforded by coatings which prevent contact with air. 
Thus, coating agents such as dried whey with hydrogenated fats and cal- 
cium stearate impart materially more stability than does whey alone. 
Mineral mixtures deteriorated rapidly, but were satisfactorily stabilized by 
hydrogenated fats or even molasses. Packing in inert gases additionally 
retards the rate of destruction. 

Baird, Ringrose, and Mac Millan (2) reported that the vitamin D con- 
tent of chick ration fortified with cod liver oil and stored at summer tem- 
peratures for 32 weeks showed no measurable destruction. Jung (?) noted 
that peanut oil solutions of vitamin D, were less stable than similar solu- 
tions of vitamin D)., but the stability on addition of stabilizing substances 
such as veast, alfalfa meal, and CaCOy, was satisfactory. 

The present report deals with the stability of crystalline D vitamins and 
their derivatives per se, as well as when incorporated in pharmaceutical 
preparations. 

During the last 4 vears large amounts of vitamins D, and D; and their 
derivatives have gone through our hands and we have tried to establish 
their data in terms of melting point, specific rotation, and ultraviolet ab- 
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sorption with the greatest possible accuracy. The esters of vitamins D, 
and D, with various nitrobenzoic acids are not only characteristic deriva- 
tives, but are also optimally suited for storage purposes from the standpoint 
of stability. They remain unchanged over a period of vears if a slight 
photodecomposition is avoided by storage in amber bottles. 

It is our experience that pure crystalline vitamins D should be prepared 
by direct saponification of rigidly purified esters rather than by recrystal- 
lization. ‘The latter procedure is always accompanied to some extent by 
more or less decomposition based on determinations of the physical con- 
stants. 

The data for melting point, specific rotation, and ultraviolet absorption 
on the 4-nitrobenzoates, 3,5-dinitrobenzoates, and 4-methyl-3 ,5-dinitro- 
benzoates of vitamins D, and D, are incomplete and widely scattered over 


Taare Il 


Melting Points, Specific Rotation, and Ultraviolet Absorption of Pure Crystalline 
Vitamins D,, Ds, and D,-Cholesterol 


| 
A € 
Substance Mp (color, white) 
D solution 265 A) 
Vitamin D, 116-117" +48.2 Chloroform 19.50-19.70 | Fine clustered 
| +83.4 Acetone | needles 
85° +51.9 Chloroform (18.90-19.20 | Needles 
+48 Acetone | 
119-120° +26.4 9.60 | Fine clustered 
cholestero! | needles 


* The sample was dropped into a bath 15° below the melting point. The rate of 
heating was 6-7° per minute. 


the literature. Table I shows the physicochemical data of these esters and 
of the 4-methyl-3-nitrobenzoates of vitamins D, and D3, which in our ex- 
perience are characteristic for the pure compounds. 

Anderson, Bacharach, and Smith (7) have investigated extensively the 
properties of crystalline vitamin D,. We are able to confirm their values, 
although in our experience the E}%, values are not scattered over quite such 
a wide range. Table II shows data which in our experience are the con- 
stants in terms of melting point, specific rotation, and ultraviolet absorption 
of pure crystalline vitamins D, and D, (8) and the vitamin D;-choles- 
terol double compound. The latter (9) is an addition product or com- 
pound of vitamin D, and cholesterol in molecular proportions. It can be 
obtained from crude vitamin D, resins in over 90 per cent yield and thus 
represents the most economical way to obtain a crystalline vitamin D,; 


4 
2 
¢ 
4 
a 
if 
a 
¥ 
. 
a7 
* 
¥ 
4, 
a 


#296 


%1) SI”) 
%1) SI?! 
A 


—_ 


“say te | say | | | | 1 ‘sow | sow | sou | | | 


= 


(J | fo 


t 
| 


W. HUBER AND O. W. BARLOW 129 


preparation of standard purity. Pure crystalline vitamin D, itself is 
difficult to obtain, the yields varying from 40 to 80 per cent. 

It is a wide-spread assumption that pure crystalline vitamins D. and D; 
are stable compounds. From our experience, we cannot concur entirely 
in this opinion on the basis of observed physicochemical characteristics. 
Such stability data under various conditions are illustrated by Table III. 


DISCUSSION 


The various nitrobenzoic esters of vitamins LD. and D; can be stored for 
at least 5 years at room temperature without decomposition. They can be 
rigidly purified by reerystallization until their physicochemical data con- 
form to the characteristics in Table I. Pure crystalline vitamins D, and 
D, with constants conforming to those in Table II can be obtained by direct 
saponification with methanolic KOH from these esters. 

Pure crystalline vitamin D,, when sealed in amber evacuated ampules 
and stored in the refrigerator, does not change in appearance and in its 
physicochemical constants up to 9 months. With storage at refrigerator 
temperatures under air, decomposition occurs after 1 to 2 months, as indi- 
cated by the appearance of small! oil deposits in the crystalline mass, to- 
gether with a decrease of the melting point and of the rotation. A similar 
detectable decomposition is noted after storage in sealed, air-filled ampules 
at room temperature for 2 to 3 days. Inert gases such as nitrogen or car- 
bon dioxide very materially diminish, but do not prevent, the decom- 
position. 

Deterioration of pure crystalline vitamin D, is negligible after 12 months 
storage in amber evacuated ampules at refrigerator temperatures. In 
general it is more stable than vitamin D, when tested in the same manner. 
It seems well suited to serve as a standard reference preparation, provided 
it is stored under proper conditions. It also seems advisable to prepare 
fresh material every 9 to 12 months from rigidly purified esters witha 
standardized saponification procedure. 

Vitamin D,-cholesterol, although suited for the economical production of 
a crystalline vitamin Dy, preparation, shows a slightly inferior stability, as 
compared with vitamin Ds. 

The above results indicate strongly that crystalline vitamin D prepara- 
tions, unless handled with great care, are apt to lose potency in short order. 
Crystalline vitamin D preparations should be stored under optimal condi- 
tions and if the compounds are to be used for chemical studies their physi- 
cochemical constants should be rechecked if aged more than 12 months, 
although such changes on the basis of acceptable standards (40,000 inter- 
national antirachitic units per mg.) are not demonstrable by biological tests 
on rats or chickens. 
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Stability of Vitamin D on Basis of Biological Assay 


The degree of utilization of vitamin D differs materially, depending on 
the medium in which it is administered. Lewis (10) demonstrated that 
crystalline vitamin D, is clinically more effective when administered in 
the daily ration of milk to the child than when given in oily solution. His 
findings in this regard have been confirmed by Eliot ef al. (11) and by 
Shelling (12). 

Reports on the stability of vitamin D in various menstrua, however, are 
thus far meager and have not definitely settled all aspects of the question. 
Bourdillon, Bruce, and Webster (13) studied the stability of olive oil solu- 
tions of irradiated ergosterol. They found that such solutions, when stop- 
pered and kept at 0°, showed no deterioration, but that the vitamin D 
values of similar samples kept at room temperature deteriorated materially, 
The authors estimated, by extrapolation of their data, that the solutions 
kept at room temperature would lose half of their potency in 3 years. 

Bruce, Kassner, and Phillips (14) studied this problem in a more detailed 
manner. Solutions of crystalline vitamin D, in olive oil, cod liver oil, 
halibut liver oil, and paraffin oil were examined for stability; all solutions 
were sealed under nitrogen and were kept at 0°. These studies indicated 
that deterioration of the vitamin D occurred in all of the menstrua with the 
exception of the solutions in paraffin oil. However, the changes noted 
were not great, and the authors felt that the losses were within the limits of 
the experimental error inherent in biological assays for vitamin D. Such 
was certainly the case where one solution showed an apparent deterioration 
of 35 per cent after 11 months storage, but only 7 per cent after 19 months. 
Natural vitamin D kept at 0° under nitrogen for periods up to 3 years 
showed no change, except that the solutions in halibut liver oil seemed to be 
consistently less potent after various periods of storage. 

On the other hand, Shelling (15) has shown that aqueous emulsions of 
oily solutions of vitamin D, although clinically very effective, deteriorate 
rapidly in the presence of air. Under these conditions, the antirachitic 
values of such emulsions deteriorated more than 90 per cent in 6 months. 
However, when the emulsions were stored for corresponding periods under 
nitrogen, only minor losses were observed. Studies on the stability of 
vitamin D, in water and milk were also reported by Supplee ef al. (16). 
These authors reported that propylene glycol solutions of vitamin D were 
unstable when diluted with water, but entirely stable when diluted with 
milk during the period of assay. 

According to Fuchs and van Niekirk (17), erystalline vitamin D, sealed 
in ampules under air loses from 35 to 55 per cent of its potency during 2 
years storage in the dark. The literature, therefore, indicates that the 
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stability of vitamin Dy, to aging, either as crystals or in solutions, is de- 
pendent largely on the protection of the vitamin from oxygen. 

We have been interested for some time in the stability of vitamins D, 
and D, in various menstrua. This paper presents a comparison of the 
relative stability of suspensions of vitamin D in water and milk and of solu- 
tions in vegetable oils or in propylene glycol. In view of the reports in the 
literature, it has seemed desirable to report stability data on solutions kept 
under the most severe conditions of storage likely to be encountered in 


practice. 


Taste lV 
Recaleification Values 
| Daily dosage level (10 days) 
Product 


25mme. | 75 me. 20 me. 


| 


vu.s.p. reference cod liver oil, No. 2-36. 
Distribution date, Oct. 17, 1936; 
dilutions with peanut oil; dose in 
0.1 ce. 


| 
| 121+ | 2.85+ | 3.17+ | 


| 0.00625 ¥ 0.01875 ¥ 


Driedol, Lot DP-3319, No. 917. Room | 
temperature 3 yrs.; dilutions with 
propylene glycol; dose in 0.1 ce. | 
(Sample A) | 1.37+ | 2.794 | 3.38+ | Not tested 

Lot DP-3319, No. 917. Room tempera. | 
ture 3 yre.; stock solution in water, | 
then added to milk; dose in 4 ec. by 


0.05 ¥ O17 


stomach tube (Sample B) ane 3.0+ 3.25+ | 3.44+ 
Lot DP-3319, No. 917. Same stock | | 
(water) solution as used for milk, | | 
diluted with distilled water; dose in | | 
by stomach tube (Sample C) O.11+ | 0.364 O.88+ | 1.55+ 
Methods 


The several preparations were tested for vitamin D according to the 
procedures described in the United States Pharmacopoeia XI, or Volume 
XI, Second supplement. Eight to twelve animals were employed at each 
dosage level tested. All tests were completed prior to March, 1941. 


Stability of Crystalline Vitamin D, in Various Solvents 


Table IV presents a comparison of the antirachitic potency of the 
v.s.p. reference oil and of crystalline vitamin D, in propylene glycol. when 
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diluted (1) with propylene glycol, (2) with water, and (3) with milk. These 
data were obtained in 1936, at which time the solution of vitamin D, 
in propylene glycol (drisdol, Lot DP-3319) stored at room tempecrature 
under test was more than 3 years old. It had not changed in poteney 
during that time. 

Water—Vitamin D, in propylene glycol, when diluted with water under 
the conditions described by Supplee ¢ al., deteriorated markedly; te., a 
loss of more than 75 per cent occurred during the period of the bioassay 
even though the samples of aqueous supplement were stored under re- 
frigerator conditions. When the above freshly prepared aqueous stock 


Taste V 
Effect of Storage at 40° on Potency of Solutions of Vitamin Dy, in Propylene Glycol 


Average recalcification values (+ 


lots | unit unit units 2 unsts 


Vitamin Vitamin Vitamin Vitamin \ 
2.0.2 | 2.0. 2.0. 2.0 n.o, 


wes 

Fresh 168} 1.16 6 «1.60 2.49 2.87 2.76 3.066 2.9 3.54 3.32 3.4 
3 42 12s 1.8 2.51 3.10 2.87 3.16 3.47 3.% 
13 36 1.25 1.52 2.47 2.89 3.46 3.31 3.51 
17 6 2.5% 2.61 3.3% 3.44 
26 0.95 1.49 2.25 2.83 3.23 3.16 3.13 
30 4 2.54 2.81 3.0 3.45 
52 BO 1.15 1.57 2.2% 2.78 2.79 3.12 3.10 3.32 3.21 3.53 

114 25 = 270 3.10 3.00 

169 2 270 3.07 3.00 - - 

229 2 2.70 3.06 3.00 - 


* v.s.p. reference oil. 

t Vitamin D preparation. The estimated potencies are based on the assumption 
that 1 mg. contains 40,000 Pp. unite 

t Most lots were tested at three dose levels. The figures given are averages of 
all available data on these 168 lots. 


solution of drisdol was further diluted so that the supplement samples were 
suspended in milk, vitamin D assay values of the reference oil, drisdol Lot 
DP-3319 in propylene glycol (Sample A), or dilutions of Sample A in milk 
differed in no essential respect. Our observations indicate that drisdol 
per se is stable, but confirm both those of Supplee ef al. and those of Shelling 
as to the instability of vitamin D in water (watery dilutions of propylene 
glycol solutions) and those of the former authors when the vitamin D 
preparation was diluted with milk. 

Propylene Glycol——Solutions of crystalline vitamins D, and D, were pre- 
pared to contain 0.0257 per cent of the vitamin by weight. Samples were 
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stored in full amber bottles at 5°, at room temperature, and at 38-—40°. 
The bottles were well sealed, but no attempt was made to displace air with 
CO, before they were sealed. The incubator samples were subsequently 
retested at somewhat longer intervals. Refrigerator samples were assaved 
occasionally simply as a control procedure. The results of these studies 
are shown in Tables V and VI. 

Vegetable —~Solutions of crystalline vitamins 1D. and D3, 0.0257 per 
cent in sesame and corn oils, were prepared and stored under the same 
couditions as described above. The incubated samples were kept in one 


Taste VI 


Effect of Storage at 40° on Potency of Solutions of Vitamin D,* in Propylene Glycol 


Average recalcification values (+) 


storage unit unit unit 2 units 
RO Vitamin Vitamin D Vitamin D R. 0. ‘Vitamin D 
we. 
0 1.10 2.25 2.38 3.12 3.39 
0.75 1.87 186 2.71 3.00 | 3.28 
13 0.4 1.63 1.94 | 2.7! 3.00 3.30 
17 1.55 1) 2.10 2.55 _ - 2.55 | 3.15 
1. - -- 2.80 3.00 3.50 | 3.50 
52 - 2.64 | 2.70 | 
67 - -- 2.é1 | 2.88 - 
. 2.53 | 2.83 - | - 


* Tests of material by physicochemical and biological methods indicated that it 
contained 85 to &) per cent of pure ervstalline Dy. 

reference oil 

Vitamin I) preparation. The estimated potencies are based on the assumption 
that | mg. contains 40,000 v.s.r. units. 


case up to 31 months; in other cases only those at room temperature re- 
ceived extensive study. The results are shown in Table VII. 

A comparison of assay data of Tables VI and VII indicates that oily 
solutions are antirachitically less potent in comparison with solutions in 
propylene giveol. It is suggested that either the rancidity of the oil or 
incomplete absorption may explain these differences. 

Milk—Solutions of vitamin D, in propylene glycol were diluted with 
bulked samples of Grade A milk so that each quart bottle on refilling con- 
tained 400 to 2500 units (1.75 to 10 drops of drisdol). The fortified samples 
from a single delivery from a large distributor were stored in the refrigerator 
for periods of time over which the milk would be entirely satisfactory for 
human consumption; i.c., up to 8 days. An unopened 8 day-old bottle was 
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used to prepare the oral supplements for each day of the assay. After 
careful correction of all assays, because of the antirachitic value of the milk 


Taste VII 


Effect of Storage under Various Conditions on Stability of Oily Solutions of Vitamins 
dD, and dD, 


Average recalcification values 
Length of 


Solvent Vitamin | storage | Temperature 

Of Vitamin Dt 
| (i wnt) wnt) 
Corn oil | D, 0 | | om | 
31 40 2 74 2 
Sesame oil a0  Reom 2.74 2.83 
unit unit 
Corn oil 0 2.62 2.9 
“6 12 40 2.62 2.69 
“4 15 40 2.71 2.88 


~ 


* vu.s.p. reference oil. 
t Vitamin D preparation. The estimated potencies are based on the assumption 
that 1 mg. contains 40,000 U.s_P. unite. 


Taste VIII 
Effect of Storage under Various Conditions on Potency of Ertron 


| 
Average recalcifcation values | + 


Lot Duration Temper unit unit 1) units 
| of storage ature 
us? var 

om on 

wks. 
A | 0 _ 1.52 2.59 2.67 - - 
A | 4 | 5 —~ - 2.55 2.15 3.00 2.75 
B | 8 | Room | - 
1! | - 2.70 2.22 
A | 2.7 2.0 -- 25 


per se, no evidence of deterioration of the vitamin D potency of the fortified 


milk was demonstrable. 
A test of the stability of vitamin D, in condensed milk was also made. 
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Samples were fortified in the following manner. 14.5 ounce cans of a well 
known brand of condensed milk were purchased on the openmarket. An 
area on the surface of the cans was sterilized with an antiseptic and punc- 
tured. 0.1 cc. of a propylene glycol solution of vitamin D, in suitable con- 
centration was then added to the contents of each can in order to bring the 
antirachitic value up to 500 v.s.r. units per can. All cans were then 
resealed with solder (air not replaced), and sterilized at 120° for 30 minutes. 
The samples were stored under various temperature conditions as previously 
outlined. ‘The incubator samples (38.0-40.0°) were assayed after 6 months 
storage, and the samples at room temperature at intervals up to 15 months. 
None showed any loss in potency. 


Taste IX 
Vitamin D Assays of Additional Samples of Ertron and Vitamins D; and D, 
. . Ertron, No. 997, received Vitamin Dy in | Vitamin Dp in 
tron, Feb. 21, 1940 oil oi 
ot! 1 milli its vitamin D pe 
illion units vi in r 
ay cc.; prepared Dec. 17, 1938; stored 
in ice box 
Per cent Per cent Per cent Per ceat Percent 
Plus Plus of tt Plus oftv. Plus | Plus oftw. | Plus’ oftv. 
values values refer values refer- values refer- values refer- values refer- 
ence oil ence oil ence oil ence oil ence oi! 
| 2.06 | | | | 
2.61 | 2.57 95.0/1.75 37.5 2.66 105.0 2.97 130.0 3.00. 132.5 
& of claim | 
130.0 132.5 


present 09.15 37.5 105.0 


Stalnlity of Ertron 


Ertron is a form of activated ergosterol prepared by the Whittier proc- 
ess.' An ethereal solution of the activated material is dried on casein 
to obtain the commercial product. Stability tests by biological assays 
were conducted on the capsulated material as purchased. On the basis of 
earlier ultraviolet absorption experiments the activity of this preparation 
diminished 50 per cent or more after storage for 3 months at room tempera- 
ture. The observed antirachitic effects of ertron with time are illustrated 
in Tables VIII and LX. 

The antirachitic potency of different lots of ertron purchased through 
usual channels varied over a range of 75 to 105 per cent of that claimed 
(50,000 units per capsule). 


* Manufactured by the Nutrition Research Laboratories, Chicago. 
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DISCUSSION 


There is nothing to suggest that either vitamin D, or D, in propylene 
glycol shows any change in potency when stored in amber bottles at incu- 
bator temperatures (38.0°) even though sealed in the presence of air. In 
the case of vitamin D>», the tests cover samples aged 53 months; in the case 
of vitamin D;, they cover samples aged 36 months. Since these conditions 
are as drastic as would ever conceivably be imposed on such pharmaceutical 
products, it may be stated that for all practical purposes the solutions are 
stable. The solutions of these vitamins in corn oil also show no loss in 
potency during 30 months in the incubator. 

On the other hand, ertron, which was satisfactory as to potency relative 
to claims when fresh, frequently shows some deterioration after only 4 
weeks in the refrigerator. During 3 months in the incubator it loses more 
than one-third of its potency. 

Solutions of vitamin D, in propylene glycol do not lose their potency 
when dissolved either in bottled whole milk kept up to 8 days in the re- 
frigerator, or in canned condensed milk stored for 6 months at 40° or for 
periods up to 15 months at room temperature. 

It is alsoapparent from these data that both vitamins D, and Dy, in the 
crystalline form are more potent than the 40,000 Lv. or U.s.P. units per 
mg. as generally recognized and reviewed by Remp and Marshall (18). 
In general, the reference oil uniformly produces a lesser degree of recaleci- 
fication than does the corresponding dose of these vitamins calculated on the 
40,000 units per mg. basis in the rat and in the case of vitamin Dy, in both 
rats and chickens. As calculated from more than 400 separate satisfactory 
assays, it appears that these crystalline vitamins are undervalued in the 
literature by at least 10 and more probably by 15 per cent. 

kvery comparative test of the two vitamins shows that they behave 
exactly alike as to potency in the rat, and that whatever potency figure is 
set for the one must be accepted for both. However, preparations of 
vitamin D; are more invariable in their biological characteristics. This 
vitamin should serve admirably as a standard reference preparation, either 
as a crystalline product of uniform chemical and physical characteristics, 
or more conveniently as an oil or propylene glycol solution. Such a prep- 
aration would serve equally well for rat and chicken assays. 

Chemical tests of activated ergosterol or 7-dehydrocholesterol indicated 
that the characteristics of these products when impure, tc. mixed with 
antirachitically inactive products, were materially less stable than the 
crystalline products with a constant melting point and optical rotation. 


SUMMARY 


Physicochemical studies of the various nitrobenzoic esters of vitamins 
D, and D, indicate that no decomposition is demonstrable after storage at 
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room temperatures for at least 5 years. The stability of crystalline vitamin 
D, or D, in the presence of air, nitrogen, or CO, is materially less than when 
stored in an evacuated ampule. Vitamin D,, when stored in evacuated 
amber ampules under refrigerator temperatures, undergoes no change in 
its physicochemical characteristics over a storage period up to 9 months. 
Vitamin D, in general is somewhat more stable than vitamin D, and no 
definite change is demonstrable after storage under optimal conditions 
for a period of 12 months. 

Solutions of vitamins D, or D, in propylene glycol or vegetable oils retain 
their potency over long periods of time at a temperature of 40°. When 
such solutions are dissolved in milk, the vitamin D potency of the fortified 
milk remains unchanged over periods of time corresponding to the useful- 
ness of the menstruum as a food. 

The data presented indicate that the usually accepted antirachitice value 
of 40,000 v.s.r. units per mg. for calciferol or crystalline vitamin D, and 
crystalline vitamin Dy is 10 to 15 per cent low. 
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STUDIES ON THE METABOLISM OF ZINC WITH THE AID OF 
ITS RADIOACTIVE ISOTOPE 


Il. THE DISTRIBUTION OF ADMINISTERED RADIOACTIVE ZINC IN THE 
TISSUES OF MICE AND DOGS 


By G. SUELINE, L. CHALKOFFP, H. B. JONES, ano M. LAURENCE 
MONTGOMERY 


(From the Division of Physiology, University of California Medical School, Berkeley, 
and the Division of Surgery, University of California Medical School, San Francisco) 


(Received for publication, April 26, 1943) 


The value of Zn® as a tracer element in the study of the metabolism 
of zinc was pointed out in Paper I (1). The data recorded here deal 
with the turnover (uptake and loss) of intravenously injected labeled zine 
in the tissues of mice and dogs. 


EXPERIMENTAL 


The preparation of labeled zine containing Zn®, as well as the method for 
its measurement, has already been described (1). 

Animals Used; Dogs—Five dogs were injected intravenously with 
labeled zinc prepared as the chloride. At various intervals thereafter the 
animals were anesthetized by means of an intraperitoneal injection of 
nembutal. A cannula was introduced into the carotid artery immediately 
and the animal bled. Whole organs were then removed. In the case of 
bone, a single femur was taken from each dog. Samples of skeletal muscle 
were removed from the thigh. Samples of skin plus hair were obtained 
from the backs of the animals. 

The whole organs or tissues were dried in an electric oven maintained at 
110°. The dried material was then ashed in an electric muffle thermostat- 
ically controlled at 450°, for 12 to 18 hours. The ash was extracted with 
hot concentrated hydrochloric acid, filtered, diluted to volume, and the 
Zn® determined. 18 hours were insufficient for complete ashing of the 
larger amounts of tissue; in these cases the residue was extracted with hot 
concentrated HCl, filtered, and the insoluble portion reashed at the same 
temperature. After two er three ignitions, ashing was usually complete. 
On occasion, however, small amounts of black carbonaceous material re- 
mained ; this was treated with HCI and the residue filtered out. The radio- 
activity of the residue was determined separately. The filtrates obtained 
from repeated ashing were combined and diluted to volume. Determina- 
tion of the Zn™ content was made after precipitation of the zine as the 
carbonate (1). 
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The distribution of labeled zinc in blood corpuscles and plasma was de- 
termined in three large dogs. Immediately after withdrawal of blood tfrom 
the external jugular vein, the sample was heparinized and | ec. portions 
transferred to rectangular dishes, 2 K 6 cm., made from aluminuia-foil that 
had been lined with lens paper. The remaining blood was centrifuged for § 
minutes at 3500 r.p.m. and the plasma decanted from the cells. 1 ce. 
samples of both plasma and cells were transferred to small aluminum plates. 
The remaining cells were shaken with approximately twice their volume of 
freshly prepared Ringer’s solution, the pH of which had been previously ad- 
justed to7.4. These cells were again centrifuged and the supernatant layer 
poured off. 1 cc. samples of the washed cells were analyzed for labeled 
zinc. 

Mice—Two series of animals were used. In the first group there were 
twenty-one mice; three or four were sacrificed at each of six time intervals, 
ranging from 45 minutes to 170 hours after intravenous injection of the 
labeled zinc. In the second group three mice were killed at each of the six 
time intervals. 

The mice were sacrificed by rapid decapitation with a pair of surgical 
scissors. The first drop or two of blood from the severed carotid artery 
was discarded, and the next few drops were collected on a clean glass plate. 
This blood was drawn into medicine droppers and approximately 0.1 gm. 
samples weighed out. Since pancreatic tissue in the mouse can be more 
readily seen macroscopically when the circulatory system of the gut is 
intact, a mouse with intact circulgtion was anesthetized and the pancreas 
exposed. With this preparation as a guide, the pancreatic samples were 
taken from the decapitated animals. Included with the pancreatic tissue 
were the mesentery of the loop of the duodenum, the base of the mesentery, 
and the portion of tissue immediately adjacent to the pylorus. The tissues 
were weighed and uniformly spread over a rectangular piece of blotting 
paper measuring 2 X 6 cm. and wrapped in cellophane. The samples were 
allowed to dry before their radioactivity was determined. With the 
exception of liver, skeletal muscle, skin, and bone, of which only portions 
were taken for analyses, the activity of each whole organ was determined. 


Results 


Plasma and Red Blood Cells—In each of three dogs the contents of Zn® 
in plasma, red blood cells, and whole blood were measured at intervals of 
from 3 minutes to 48 hours after the injection of labeled zinc. A typical re- 
sult is shown in Fig. 1. In the five dogs recorded in Table I, a single blood 
sample was obtained when each animal was sacrificed and the Zn® content 
per cc. of whole blood determined. The deposition of Zn® in whole blood 
of the mouse at various intervals up to 170 hours is shown in Fig. 2. 
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Radiozine is rapidly removed from the plasma of the dog (Fig. 1). At 
the earliest interval, namely 3 minutes after the introduction of the labeled 
zine into the blood stream, each ec. of plasma contained 0.025 per cent of the 
injected Zn®. 30 minutes after the injection each cc. of plasma contained 
less than 0.002 per cent, and in 10 hours the injected radiozine had prac- 
tically disappeared from the plasma. 

The Zn® content per ec. of red blood cells at the 48 hour interval was 
0.0017 per cent in Dog IIIT (Fig. 1), 0.0035 per cent in Dog I, and 0.004 per 
centin Dog Il. These values represent increases above the amounts found 


O25 


® WASHED BLOOD CELLS 
O'S @ WHOLE BLOOD 


PLASVA 


HOURS AFTER AOMINIS FSA TION 

Fia. |. The Zn content of plasma, red blood cells, and whole blood of Dog III. 
This dog weighed 17.0 kilos and received intravenously 16.3 y of labeled zinc. 


atthe Isthour. Thus each cc. of the washed red blood corpuscles of Dog I 
contained 0.0014 per cent of the injected Zn® at the 50 minute interval; the 
cells of Dog II contained 0.0026 per cent per cc. at the 52 minute interval; 
the cells of Dog LIL contained 0.0008 per cent per cc. at the 59 minute in- 
terval. No significant differences in the Zn® content of washed and un- 
washed cellx were noted at the later intervals. It is probable that the Zn® 
content shown for cells at the very early intervals is higher than their true 
content, since at these times the cells were separated from plasma that con- 
tained more than 25 times as much Zn® as did the corpuscles. At the late 
intervals practically all of the radiozine found in blood was present in the 


corpuscles. 
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In the five dogs recorded in Table I, the total amount of Zn® contained in 
the blood stream (3 to 170 hours after the injection of the labeled zine) 
represented from 2 to 4 per cent of the administered Zn®. These values 
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Fic. 2. The recovery of intravenously injected labeled zine in thymus, brain, 
striated muscle, whole blood, and skin of the mouse. Each value is the average of 
three to seven separate determinations on as many animals. The mice weighed 18 
to 23 gm. and each received 0.33 to 1.6 y of labeled zine. 


were calculated on the assumption that blood constitutes 9 per cent of the 
body weight. 

Liver, Pancreas, and Kidney— The highest concentrations of Zn® were 
found in these tissues (Table I and Fig. 3). At the earliest intervals, 
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namely } hour and 2 hours after the injection of labeled zinc, 19 to 43 per 
cent of the administered Zn® was found per gm. in each of these three tissues 
of the mouse. A rapid turnover of zine in these three tissues is suggested by 
the rates at which the tissues acquire as well as lose Zn™. At the 26 hour 
interval, the Zn® content of the liver and kidney of the mouse was reduced 
to about one-half of that found at the 2 hour interval, whereas at 170 hours 
the liver, kidney, and pancreas of the mouse contained 1.8 to 4.0 per cent 
per gm. of the injected Zn®. 

Maximum deposition in these tissues of the dog was observed at the 8 
hour interval (Table I). At this time the liver of the dog contained 0.34 
per cent of the injected Zn® per gm., the kidney 0.21 per cent per gm., and 
the pancreas 0.28 per cent. The rate at which Zn® was lost by these 
tissues in the dog, however, was much slower than in the mouse. 

The whole liver, on account of its size, contained the largest fraction of 
the injected Zn® at the early intervals (Tables I and II). In the dog, the 
whole liver held 38 per cent of the administered Zn® at the 3 hour interval, 
and as late as 24 hours this organ still contained 33 per cent. The 
whole liver of the mouse contained 25 per cent of the injected Zn® at 2 hours 
and 11 per cent at 26 hours. At the late intervals (94 and 170 hours) 
the Zn® content of the dog’s whole liver is exceeded only by the amount 
present in total striated musculature (Table 1). 

Gastrointestinal Tract--The stomach, small intestine, and large intestine 
of the mouse showed a rapid deposition of the injected zine (Fig. 4 and 
Table Il). At 2 hours, 10 per cent of the administered Zn® was deposited 
in each gm. of stomach, 13 per cent in each gm. of small intestine, and 9 per 
cent per gm. of large intestine. The turnover of Zn® in these tissues is also 
rapid, for at 72 hours their content of the radioisotope of zine was reduced to 
5.4 to 5.9 per cent per gm. 

A more extensive study was made in the dog. The deposition of Zn® 
was determined in the stomach, the cecum plus colon, and in various 
divisions of the small intestine. In four of the five dogs separate determina- 
tions were made for mucosa and muscular layer of the small intestine. 

At the times of examination the dog's stomach contained 0.029 to 0.043 
per cent of the injected dose per gm. (Table I). 0.032 to 0.084 per cent per 
gm. was found in the muscular part of the small intestine. Little or no 
difference was observed in the Zn®™ content per gm. of the various quarters of 
the small intestine, but the largest total amount of Zn®™ was found in the 
first quarter. Appreciable amounts of the Zn® were also found in the 
mucosal layer of the small intestine. The cecum plus large intestine 
contained from 0.036 to 0.076 per cent per gm. at the various intervals. 

The entire gastrointestinal tract of the dog contained 13 per cent of the 
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listribution of Zn in Tissues of Dog after Intravenous Injection of Labeled Zine 
Dog No Xl Nill NIN Al 
Weight, 47 is ‘2 
Interval after injection 
of labeled Zn, ars da 
Labe'ed Zn injected, 
Per cent recovery per whole organ ‘¢), per 160 em. theewe (5) 
Tissue 
Whole blood* 3.2 | 0 76) 2.7 0.75 1.9 061 42 12 4.1 Os 
Pancreas 2.3 3.1 Zs 1.2 17 2.0 6.8 
Kidneys (2) 3.2 16 3.9 21 2.5 i4 13 73 ow 3.6 
Stomach 29/13 3.7 0.9% 3.2 1.2 13 OST 27 
Small intestine 
Muscle layer | 
Istt.. 2.3 |8.4/3.2¢ 113 9 13 64 3.2 
2nd 1.2 (12% 1.0 s0 10 68% 079 33 
3rd 0.96 '7.912.62 13% 7.9 OM 64 0M 32 
8.13 068 69 56 OM 38 
Average. 7.5 11? 7.5 6.3 a4 
Total... | §.2 10 41.5 4.1 2.8 
Intestinal 
mucosa. 7.2 | 2.8 2.1 1.1 
Colon + cecum 66 1.4 76 #10 ‘4 
Skeletal muscle§ | 9.5 | 0.51 9.6 0 O18 0.9225 1.7 is 
Diaphragm...... 0.088 0.80 0.18 13 012 14 022 22 018 OM 
0.45 97 0.45 7.1 0.75 WW 
0.58 | 1.1 46 0.70 3.1 1.1 48 25 
1.2 | 3.2 2.2 2.0 
Thyroids (2)...... 0.017 5.9 0.018 12 0.017 68 OOM 3.7 O. O82 17 
Adrenals....... 0.027, 6.4 0.054 10 0.088 6.1 005 3.9 OO 25 
Pituitary (0.12 7.3 0.006120 0.0021 6.9 06.0020 63 0.0020 57 
Testes (2) 0.068 0.80 | O7mM 17 
Ovaries (2)....... 0.038 | 7.0 0.020 5.6 0.022 3.4 | 
Brain... ..... 0.067 0.10 0.36 068 O38 O@ OG 15 OM 11 
Cord 0.017 0.17 0.028 0.34 0.031 0.37 0.04 0.60 0.083 06 
Lungs...... (0.63 25.073 34 079 #40 11 $6 O71 27 
Spleen........ 0.37 65 0.9 10 072 68 OW 68 O31 3S 
Parotid glands | 
(2) (0.17'3.9 0.24 45 018 48 O11 35 OO 17 
Skin and hair | 0.82 0.73 3.5 1.7 
Intestinal lymph 
i nodes 0.07 43 0.076 55 0.061 53 008 42 O08 23 
Peripheral lymph 
nodes..........}0.24 2.9 0.27 53 054 92 020 57 0.322 2.5 
Bile in bladder at | | 
time of sacri- 
fice val 0.07 0.11 0.0 0.8 
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Taste I—Concluded 
* Caleulated on the basis that blood constitutes 9 per cent of the body weight. 
* Quarters measured by length. 
t The figures so designated represent Zn recoveries in combined muscular and 


mucosal layers. 
§ Calculated on the basis that muscle constitutes 40 per cent of the body weight. 
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MOURS AFTER ADMINISTRATION OF LABELED 2n 


Fic. 3. The recovery of intravenously injected labeled zine in pancreas, liver, and 
kidney of the mouse. Each value is the average of three to seven separate determina- 
tions on as many animals. 


injected Zn® at the 3 hour interval. At 24 hours this was reduced to 8 per 
cent, but at 170 hours it still contained 5 per cent. In the mouse the 
highest content for the whole gastrointestinal tract was observed at 8 hours 
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after the introduction of the radioisotope; at this time it contained 13 per 
cent of the injected Zn®. At 170 hours it still contained over 2 per cent. 

Muscle—In the mouse the content of Zn™ was determined in skeletal 
muscle (Fig. 2) and in heart tissue (Fig. 4 and Table 11), whereas in the dog 
determinations were made in leg muscle, diaphragm, uterus, and heart 
(Table I). The zine turnover of the skeletal muscle of the mouse is rela. 
tively slow. Although 1.1 per cent of the injected Zn® was deposited per 
gm. of skeletal muscle as early as }] hour, the maximum deposited in this 
tissue was only 1.5 per cent per gm., and as late as 170 hours this tissue still 
contained 1.2 per cent per gm. Skeletal muscle in the dog also showed a 


Taste Il 
Per Cent of Intravenously Injected Zn™ Recovered per Whole Organ of Mouse 
The mice weighed 17 to 23 gm. Each animal received intravenously from 0.33 to 
1.6 y of zine as the chloride. Each value is the average of three to seven separate 
analyses on as many animals. 


lime after injection 


| hr 2 hrs hrs 26 brs T2hee. | 170 bes 

Pancreas... 20 17 09% 09 | 04 

Liver. . 24 25 17 11 6.7 3.3 
Kidneys | 6.5 5.2 3.0 1.7 0.98 | 0.50 
Stomach... | 0.83 1.1 1.0 0.99 0.59 | 0.37 
Small intestine... | 4.5 5.8 8.4 3.8 22 | 0.% 
24 3.8 2.0 11 0.33 
Heart..... | 0.38 0.54 0.44 0.48 02 | 0.14 
Adrenals ... «(0.040 0.040 0.026 0.048 0.021 0.011 
Thymus «0.064 0.098 0.079 0.16 0.084 0.038 
| 0.32 0.38 0.55 056 077 0.64 
0.98 1.1 0.97 072 £0.46 0.26 
Spleen....... 0.84 1.3 1.9 0.73 0.37 0.14 
0 42 6.52 0.38 0.38 0.12 


Lymph nodes Fou 0.40 
slow turnover of zinc. By 94 hours, 0.017 per cent was deposited per gm. of 
the dog’s gastrocnemius muscle, and at the last interval, namely 170 hours, 
this muscle still contained about the same amount of Zn®. Somewhat 
higher amounts were deposited in the dog's diaphragm: 0.022 per cent per 
gm. was found in this tissue at the 94 hour interval. 

There is a more rapid turnovér of zinc in cardiac than in skeletal muscle. 
Thus at the 2 hour interval, cardiac tissue of the mouse contained 6.5 per 
cent of the administered Zn® per gm.; at the 170 hour interval it still 
contained 1.9 per cent per gm. The amounts of Zn® deposited in thedog’s 
heart per gm. were higher than in its gastrocnemius muscle at all intervals 
noted; at the 94 hour interval the dog’s heart contained 0.048 percent per 
gm., and at 170 hours 0.028 per cent per gm. was still present. 


‘a 
¢ 
4 4 
¥ 
: 
A 


SHELINE, CHAIKOFF, JONES, MONTGOMERY 147 


If it is assumed that the labeled zinc is uniformly distributed throughout 
the skeletal muscle and that this tissue represents approximately 40 per cent 
of the total body weight, then the total musculature of Dog XIV (94 hours) 


SMALL INTESTINE 


(PERCENT PER GRAM TISSUL) 


RECOVERY 


HOURS AFTER ADMINISTRATION OF LABELED Zn 
Fia, 4. Recovery of intravenously injected labeled zine in small intestine, 
stomach, colon, heart, and bone of the mouse. Each value is the average of three to 
seven separate determinations on as many animals. 


and Dog XII (170 hours) contained respectively 25 and 36 per cent of the 
administered Zn®™. 

The Zn® content of the uterus of three dogs was determined. Values of 
0.07 to 0.10 per cent per gm. were found at 8, 24, and 94 hours. 
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Bone—Zn® was rapidly deposited in the tibia of the mouse (Fig. 4), and 
this tissue continued to increase its content of radiozine throughout the 
period of observation. Thus at 2 hours 5 per cent was deposited per gm. of 
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(PERCENT PER GRAM TISSUE) 


RECOVERY 
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Fic. 5. The recovery of intravenously injected labeled zine in adrenals, spleen, 
lymph nodes, and lungs of the mouse. Each value is the average of three to seven 
separate determinations on as many animals. 


bone, and at the last time interval (170 hours) the radiozine content of this 
tissue had doubled (9.9 per cent per gm.). The retention of radiozine by 
the dog’s femur is shown in Table I. 

Endocrines—The pancreas has been dealt with above. In this section 
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will be considered the thyroid, adrenal, pituitary, and thymus. The most 
rapid turnover in these tissues was observed in the dog’s pituitary (Table 
1). This gland showed an activity roughly similar to that of the kidney. 
The highest and lowest values were 0.20 and 0.057 per cent per gm. 

The highest and lowest values for the Zn® content of the thyroid gland of 
the dog were 0.12 and 0.017 per cent per gm. at the intervals examined 
(Table 1). 

In both dog and mouse the whole adrenal gland deposited from 0.01 to 
0.05 per cent of the injected radiozine (Tables land II). Per gm. this tissue 
is quite active in the mouse; over 9 per cent of the injected Zn® was found 
per gm. of adrenal gland at 2 hours (Fig. 5). The highest concentration of 
Zn® in the dog’s adrenal gland was observed at 8 hours; at this time it con- 
tained 0.10 per cent per gm. (Table I). 

Nervous System— The turnover of zine in the nervous system of the dog 
and mouse is slow when compared to that in such tissues as liver or kidney. 
As much as 0.015 per cent of the injected Zn™ was found per gm. of dog 
brain (Table I), and as much as 1.9 per cent per gm. of mouse brain (Fig. 
2). Less than | per cent of the injected radiozine was deposited in the 
entire brain of these animals (Tables I and IT). 

At the 3 hour interval the Zn® content per gm. of dog liver was over 300 
times that of its brain; at the 24 hour interval the ratio of Zn®™ content in 
these tissues was 50:1; at the last interval, namely 170 hours, this ratio had 
decreased to 2:1. 

The concentrations of radiozine in liver and brain of the mouse were com- 
pared at 2,26,and 170 hours. The ratios of Zn® content per gm. of liver to 
gm. of brain found at these three intervals were 25, 8, and 2 respectively. 

Spleen, Lymph Nodes, and Thymus—Spleen and lymph nodes in both 
mice (Fig. 5 and Table IL) and dogs (Table 1) showed an active zinc turn- 
over; in the dog the whole spleen contained about 1 per cent of the injected 
Zn® at the 8 hour interval; at this time the spleen of the mouse contained 
about 2 per cent. 

The maximum deposition of Zn® in the thymus of the mouse was about 4 
per cent per gm. (Fig. 2). In contrast to most of the tissues, however, the 
thymus required 26 hours for this amount to be deposited. 


DISCUSSION 


In both dog and mouse the largest amount of the intravenously injected 
radiozine appeared in the whole liver at the early intervals. The labeled 
Zn was not retained in this organ for long; at the 3 hour interval 38 per cent 
of the radiozine was found in the dog’s liver, whereas only 3.5 per cent was 
present in this organ at the 170 hour interval. The Zn® that disappeared 
from the liver between these two intervals was not entirely lost in bile, 
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urine, and feces. It has been shown elsewhere (1) that in 7 days (168 
hours) 17.5 to 21 per cent of the radiozine injected intravenously into the 
dog appeared in the urine and feces; less than 0.5 per cent appeared in the 
bile in 7 days.' These observations suggest that the Zn® lost by the liver 
between 3 and 170 hours is deposited in other tissues. 

In contrast to tissues like liver, pancreas, kidney, and spleen (in which 
large amounts of radiozinc accumulate early, but much of it rapidly disap- 
pears) several tissues were characterized by either a slow deposition increas- 
ing with time or by maintenance of the small amounts deposited at the early 
intervals. These tissues were blood corpuscles, bone, nervous system, skin, 
and skeletal muscle. 

Keilin and Mann's discovery that the enzyme carbonic anhydrase is a 
zinc-containing protein established for the first time the physiological im- 
portance of this metal in the animal organism (2). Their finding that 
carbonic anhydrase contains 0.31 to 0.34 per cent zine and that the total 
zine content of the red blood corpuscles can be accounted for by its presence 
in the enzyme has been confirmed by Hove et al. (3). Scott et al., however, 
obtained more active preparations, the zinc contents of which were 0.15 
to 0.2 per cent (4,5). The wide-spread distribution of zinc in the animal 
body suggests that zinc is linked in animal tissues with compounds in addi- 
tion to carbonic anhydrase. Thus zine has been found in purified prepara- 
tions of uricase (6,7). The rdle of zinc in the storage of insulin in the pan- 
creas has also been considered (8-10). The zine content of the pancreas, 
however, is many times the amount necessary to account for its insulin con- 
tent in the form of a zine salt (9). 

Despite the fact that the above evidence indicates that the physiological 
importance of zinc in the body lies in its association with organic molecules, 
probably protein, it would be premature at present to attempt to explain 
the distribution of radiozinc recorded in this investigation by the zine-con- 
taining compounds identified so far. 


SUMMARY 


The distribution of intravenously injected zine was measured in the tissues 
of the mouse and dog by means of its radioactive isotope (Zn™). This pro- 
cedure permitted the introduction into the blood stream of such small 
amounts as 0.33 to 1.6 y in the mouse and 6.5 to 16.3 y in the dog; these 
amounts did not alter significantly the zine content of the animals. 

1. Injected radiozine rapidly disappears from the plasma. Measurable 
amounts of Zn® were no longer detectable in the plasma of the dog 10 hours 
after its injection into the blood stream. 

2. Radiozince appeared early in the red blood cells. The Zn® content in 


' Unpublished observations. 
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these cells continued to increase during the entire period of observation 
(170 hours). 

3. At the early intervals maximum deposition occurred in the liver. At 
the 3 hour interval the dog’s liver contained 38 per cent of the injected 
radiozine. At the 2 hour interval the liver of the mouse contained 25 
per cent. 

4. The most active turnover of radiozine (uptake and loss) was observed 
in the liver, pancreas, kidney, and pituitary gland. The least activity was 
found in red blood cells, brain, skeletal muscle, and skin. The activities of 
spleen, gastrointestinal tract, adrenals, lungs, lymph nodes, bone, heart, and 
thymus were intermediate. 
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STUDIES ON TISSUE WATER 


Il. AMACRO MODIFICATION OF THE DISTILLATION METHOD FOR THE 
DETERMINATION OF TISSUE WATER 


By A. T. MILLER, Jr. 


(From the Department of Physiology, School of Medicine, University of North Carolina, 
Chapel Hill) 


(Received for publication, May 6, 1943) 


In a previous paper' the sources of error in the determination of tissue 
water by the oven-drying technique were pointed out, and a distillation 
method which avoids these errors was described. The method consisted 
of reflux distillation of the tissue with toluene, the distilled water falling 
to the bottom of a tube calibrated for volumetric measurement. The 
method was devised primarily for determination of the water content of 
blood and other biological fluids, with samples of | ml. or less, and had a 
reproducibility of 0.2 per cent. 

In subsequent work with tissues, in which larger samples were available, 
it was found that more accurate results could be obtained by a gravimetric 
modification of the original method. With the modified method, samples 
of any size may be used, and the receiving tube does not have to be cali- 
brated as in the case of the volumetric tube. Since the details of the 
macromethod, with the exception of the procedure for measuring the water 
recovered, are the same as those for the micromethod, only the technique 
for measuring the recovered water will be described in this paper. 

The receiving tube is shown in Fig. 1. It is made of 25 mm. tubing, to 
the bottom of which is sealed a 2-way stop-cock. The tube is divided into 
an upper and a lower part by a constriction which at the narrowest point 
hasa bore of 3to4mm. A line etched completely around the tube at this 
point is used for reading menisci. The total length of the tube is deter- 
mined by the size of samples to be analyzed. 

The procedure for an analysis is as follows: The distillation flask con- 
taining the sample and about 100 ml. of toluene (containing 4 per cent 
nmamy! alcohol) is connected to the receiving tube as previously described.' 
The receiving tube is filled from below with mercury to a point just above 
the beginning of the constriction. Toluene is delivered through the top 
of the condenser until it reaches the level of the side arm of the receiving 
tube. The pressure regulator is attached to the top of the condenser and 


| the distillation carried out in the manner described for the micromethod. 


After the contents of the receiving tube have cooled to room temperature, 


'Miller, A. T., Jr., J. Biol. Chem., 148, 65 (1942). 
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mercury is delivered from the pipette tip below the stop-cock until the 
junction of the water and mercury is exactly at the etched meniscus, 
Mercury is now delivered into a weighing bottle until the junction between 
water and toluene has fallen to the meniscus. A volume of mercury equal 
to the volume of water recovered has now been delivered. The mercury 
is weighed and the weight of water distilled over is calculated by the 
formula W = (Hg V — a+ 6) (D), where W = weight of the water, Hg = 


Fic. 1. Receiving tube with condenser tip in place. A, ““No-lub" joint between 
condenser and receiving tube; B, drip tip sealed to the bottom of the condenser joint; 
(, toluene level during distillation; D, etched line for reading menis..; &, tip for 
delivering mercury into the weighing bottle; F, tip connecting to the mercury leveling 
bulb for adjusting the mercury level in the receiving tube; G, side arm of recenving 
tube; H, standard taper joint to which the distillation flask is attached 


weight of the mercury, V = volume of | gm. of mercury at the weighing 
temperature (t,.), @ = correction for the solubility of amy! aleohol in water 
(1 per cent of recovery volume), 6 = volume correction of the apparatus 
(constant for any given assembly; 0.03 ml. for the apparatus with dimen- 
sions described in this paper); D = relative density of water at ¢,. 

The weight of the water recovered divided by the original weight of the 
sample gives the percentage of water by weight in the sample. 

The reproducibility of results naturally increases with the size of the 


~ | 
¥ aad 
4 
’ —" 
J 
\ 
j 
\ 
| 
| 
| 
| 
| | 
4 
ry 
me | 
j o— 


il the 


Iscus, 


tween 
equal 


‘reury 
v the 
Hg = 


A. T. MILLER, JR. 155 


sample used. Blank determinations indicate a reproducibility of 0.07 
per cent with 5 gm. samples and 0.04 per cent with 10 gm. samples. The 
absolute accuracy of the method, the distillation time required for different 
tissues, and general precautions are the same as for the micromethod. 


SUMMARY 


A macro modification of the distillation method for the determination of 
tissue water is described. The water is measured by an indirect gravi- 
metric procedure which eliminates the necessity for volumetric calibration 
of the receiving tube. Samples of any desired size may be used. The 
reproducibility of the method is 0.07 per cent for 5 gm. samples and 0.04 
per cent for 10 gm. samples. Still greater accuracy may be obtained by 
the use of larger samples when practicable. 
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FERRITIN 
IV. OCCURRENCE AND IMMUNOLOGICAL PROPERTIES OF FERRITIN 


By 8S. GRANICK 
(From the Laboratories of The Rockefeller Institute for Medical Research, New York) 


(Received for publication, March 15, 1943) 


In 1937 Lautberger (1) reported the presence of ferritin not only in the 
spleen of the horse but also to a very slight extent in the liver of the horse. 
Kuhn, Sérensen, and Birkofer, in 1940 (2), then succeeded in finding 
ferritin in the spleen of the dog, cat, and jackal but were unable to isolate 
ferritin from the spleen of the guinea pig, rabbit, or whale. These two 
studies suggested that ferritin might be of wide-spread occurrence. In 
the present paper a report is made on the occurrence of ferritin in various 
animal species including the human, and in a number of different organs. 
Evidence is also presented for the immunological identity of ferritin occur- 
ring in different organs of the same animal, but for its specificity as regards 
the animal species. 


Methods 


In the isolation of ferritin from different species and organs we have 
asumed this iron-protein compound to have the properties of solubility 
and heat stability which characterize horse spleen ferritin. A qualitative 
notion as to the presence, concentration, and solubility of ferritin in CdSO, 
ean be obtained by observing the appearance of ferritin crystals in a piece 
of tissue immersed in 10 per cent CdSO, solution under a microscope. 
With a little practice, it is easy to distinguish between tiny crystals and 
brown hemosiderin granu'’s. In the case of human liver material some 
protein interferes with the formation of crystals, so that only small brown 
spheres develop. 

In order to compare the yields of ferritin from animal organs of the same 
species the following procedure was used, which differs in some details from 
the method previously described (3). The fresh tissue was ground with 
15 times its weight of water in a Waring blendor, brought to 80°, filtered, 
and, to every 100 cc. of filtrate, 35 gm. of ammonium sulfate were added, 
stirred to dissolve, and the material placed in the ice box overnight. The 
ferritin was crystallized with CdSO,, as described previously (3), except 
that 48 hours were permitted for crystallization. The material was then ° 
recrystallized and after another 48 hours the crystals were centrifuged 
down at a standardized speed in graduated centrifuge tubes. The yields 
are expressed as the number of cc. of twice crystallized ferritin isolated from 
100 gm. of fresh weight of tissue. 
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Ferritin Distribution by Tsolation Procedure 


The distribution of ferritin is presented in Table |. Here we have listed 
the species and organs from which we have attempted to isolate ferritin, 
The figures represent the variation in the vield of ferritin observed in 4 


Tapie 


Ferritin Distribution in Animal Species and Organs As Determined by Isolation 
Procedure 


(irgans and tissues ctamined 


Species 
Spleei Liver (ther organs 
Horse ++++ + +++t Testes +,2 kidney 0, pancreas 0, 
(0.25-).025)* brain 0, stomach mucosa 0, 
striated muscle 0, blood plate- 
lets 0, white blood cells 0, red 
blood cells 0, blood serum 0 
Human ++ +++ ++ 
(0.23 -0.006) 
Dog - te 0 Kidney +, pancreas 0, pituitary 
(0.039) 0, ovary 0 
Guinea pig + ++ 0 Kidney 0, striated muscle 0, in- 
(0.060-0.015) traperitoneal exudate contain- 
ing neutrophiles and macro- 
phages, induced by casein, 0 
Mouse§ + + Testes +,2 kidney 0, pancreas 0, 
heart muacle 0 
Rat + + Kidney 0 
Pig + + Testes +, kidney 0 
Rabbit + 0 0 Testes +1! 
Cat 0 0 Kidney + 


* The figures in parentheses represent the extremes of ferritin found in these 
organs, expressed in terms of the number of cc. of packed, twice crystallized ferritin 
crystals per 100 gm. of the fresh weight of the organ. 1 ec. of packed crystals, dried 
at 110°, weighs approximately 0.40 gm. 

t The ferritin of bone marrow was isolated from the vertebra of a 3 vear-old horse 
and from the manubrium of a 15 year-old horse. 

t The crystals obtained from the testes of the horse, mouse, pig, and rabbit are 
always very pale vellow. 

§ The distribution of ferritin in mice with inherited lymphocytic leucemia, whieb 
were kindly provided by Dr. J. B. Murphy, was identical with that in normal mice. 


number of samples, expressed as the number of cc. of twice crystallized 
ferritin per 100 gm. of fresh weight of tissue, isolated under the conditions 
mentioned above. 

Arranged in the order of decreasing ferritin content the species are horse, 
human, dog, guinea pig, mouse, rat, pig, rabbit, and cat. We have as yet 
been unable to find any ferritin in the tissues of cattle, sheep, deer, chick- 
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ens, or bullfrogs. The organs in which ferritin has been found are the 
spleen, liver, bone marrow, and kidneys. From the testes of the rabbit, 
pig, mouse, and horse, colorless crystals of apoferritin were isolated in 
small vield. 

The variation in the amount of ferritin in the same organ of a species may 
be illustrated with data from normal dog liver and spleen. It will be seen 
from Table Il that there is a great variation in the ferritin content of dog 
livers, from less than O.OOL to more than 0.1 ce. of erystals per 100 gm. of 
fresh liver. 

The ferritin crystals of all the species from which they have been isolated 
are optically isotropre (Pig. 1). In the mouse, rat, cat, and pig they appear 


Taare II 
Ferritin in Dog Livera and Spleens, Expressed in Ce. of Packed, Twice Crystallized 
Ferritin 
Dee No Ferritin in liver Deg Neo weight 
per om ce. per liver om et 
2 O.O10 0.030 Trace 
5 Zh 5-7 0008S 
2) 0.080 0.007 9 30 Trace 
215 O.116 0.2500 65 0. 00S 
210 0.000 0.000 
" 0.000 
1S 0.086 
INS 0.0600 
12 0.087 0.082 


as octahedra; in the horse as tetrahedra, octahedra, or twinned octahedra: 
in the dog as tetrahedra; in the guinea pig as octahedra and as rectangular 
parallelopipeds; in the human the ervstals have rounded edges with a sug- 
gestion of an octahedral form, and those obtained from pig testicles are 
mostly cubes. 

Ultracentrifugation studies of apoferritin by Dr. A. Rothen, to be pub- 
lished later, have revealed that the horse, human, and dog apoferritins 
have approximately the same sedimentation constant and a molecular 
weight around 500,000. It is possible that apoferritin of other species 
will also be found to have the same molecular weight. 


Immunological Reactions of Ferritin 


The question has often arisen whether proteins of one organ are im- 
munologically identical with proteins of another organ from the same 
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animal. The ordinary proteins prepared, say from the liver or spleen, are 
not sufficiently characterized to allow of such comparison. On the other 
hand, such proteins as have been well characterized, as for example pep- 
sin, trypsin, or insulin, appear to be synthesized exclusively by specialized 
cells of single organs. The occurrence of ferritin in a number of different 
organs offers a unique opportunity for testing whether crystalline ferritin 
isolated from one organ is immunologically the same as ervstalline ferritin 
isolated from another organ of the same animal. In addition, if such 
identity could be established, the precipitin reaction could be used for 
detecting ferritin in organs in which its content is so low as to make isolation 
difficult. 


Fic. 1. 7, guinea pig liver ferritin, X 250; 2, mouse liver ferritin, X 150; 3, dog liver 
ferritin, X 150; 4, human spleen ferritin, * 150; 5, human liver apoferritin, X 150. 


The antibody against horse spleen apoferritin was prepared by injecting 
into Rabbit | at weekly intervals 7, 14, 21, and 28 mg. of apoferritin, re- 
sulting in a serum of low titer. Rabbit 2 was treated similarly except that 
a final injection of horse spleen ferritin, Preparation XII, was given, re- 
sulting in a serum of high titer. 

The apoferritin used had been prepared from ferritin Preparation XII 
by removing the iron according to the procedure previously deseribed (4); 
it was then subjected to two further ervstallizations and finally dialyzed. 
Ferritin Preparation XII was a preparation that had been erystallized four 
times and dialyzed. 

The absence of antibodies to horse spleen proteins other than apoferntin 
was examined, since ultracentrifuge studies had shown that horse apo- 
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ferritin contains a persistent protein impurity amounting to about | per 
cent of the total protein, and since ferritin which possibly was even less 
pure had been injected into Rabbit 2. For this purpose 2.0 cc. of serum of 
Rabbit 2 were added to 1.0 ce. of apoferritin (0.7 per cent). An immediate 
heavy turbidity resulted. After 5 minutes the floccules were centrifuged 
down, the flocculent precipitate amounting to about 0.10 ce. An additional 
0.05 ec. of apofernitin was now added to the supernatant, producing only 
a trace of cloudiness. After standing overnight in the ice box the tube was 
centrifuged. The clear supernatant solution resulting was now tested 
against dilutions of clear horse spleen extract and gave no trace of cloudi- 
ness. One may therefore conclude that this rabbit serum is directed 
primarily against apoferritin. 

Tissue extracts for the precipitin lest were prepared according to the 
procedure for the isolation of ferritin, which was followed through the 
stage at which the ammonium sulfate precipitate containing the ferritin 
had been centrifuged down. ‘This precipitate was taken up in a small vol- 
ume of water and dialyzed against isotonic saline until only traces of am- 
monium ion could be detected. It was centrifuged and the clear super- 
natant liquid was used for the precipitin tests. 

The precipitin tests were conducted in the usual manner with dilutions 
of the antigen and readings made at appropriate intervals. Only the com- 
parative results are recorded here. Controls were always run with normal 
rabbit serum or with rabbit immune serum directed against sheep cells. 
As was to be expected, the antibodies proved to be equally effective in 
precipitating both ferritin and apoferritin of horse spleen, since the protein 
constituent is identical. The speed of flocculation with ferritin was some- 
what greater than with apoferritin, which may be explained by the greater 
density of ferritin. 

An unexpected result was the relatively strong precipitin reaction given 
by “non-crystallizable ferritin.’ The positive precipitin reaction sug- 
gested that ferritin was present in this material and the following method 
was found to permit the isolation of apoferritin as a crystalline Cd salt. 
5 ee. of “non-crystallizable ferritin’ were placed in a dialysis sac and sus- 
pended in a test-tube containing 10 ec. of m/30 phosphate buffer of pH 
68. A rapid stream of H.S was bubbled through this outside solution for 


' The “non-crystallizable ferritin’’ represents the deep brown soluble material in 
the mother liquor resulting from the crystallization of ferritin with CdSO,. The 
brown constituents were concentrated by precipitating with 30 gm. of ammonium 
sulfate per 100 ec. of liquid, dialyzing, and disearding an insoluble brown residue. 
This concentrated, soluble brown liquid gives no precipitate with CdSO, but has a 
percentage composition not far different from crystallizable ferritin ((3) Table III, 


Preparation VII). 
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3 minutes, the pH remaining above 6, and the solution becoming black 
owing to the formation of FeS. The tube was then stoppered; after § 
hours the sac was removed and dialyzed against distilled water overnight, 
The contents of the sac were transferred to a centrifuge tube, 50 mg. of 
ammonium sulfate were added, producing a coagulation of FeS and of 
protein impurities, and the tube was finally centrifuged. A dark gray 
supernatant solution resulted which on the addition of 4 ec. of 10 per cent 
CdSO, produced pale greenish crystals of apoferritin in a quantity sufficient 
to account for the strength of the precipitin reaction in ‘“‘non-crystallizable 
ferritin.”” The greenish color of the crystals is probably due to the inelu- 
sion of small amounts of iron sulfide in the crystal lattice. 

The ferritin crystals isolated from the spleen and vertebral bone marrow 
of the horse are identical in crystal shape, optical properties, solubility, and 
heat stability. In the precipitin test they were also found to be immuno- 
logically indistinguishable. The relative degree of the precipitin reaction 
given by extracts of spleen and marrow was also found to be in accord with 
that expected from the quantities of crystalline ferritin that could be iso- 
lated from these tissues. On the basis of the precipitin reaction attempts 
were made to isolate ferritin or apoferritin crystals from the liver, testes, 
kidneys, and pancreas. Isolation of crystalline material has been success- 
ful in the case of the testicles and the liver. The crystals from these 
organs were not deep brown but rather pale vellow. 

The isolation of ferritin from so many organs suggested that ferritin 
might have been transported to these organs by the blood stream. How- 
ever, no trace of ferritin could be demonstrated in the red or white blood 
cells or blood plasma, although various methods of isolation, fractionation, 
and concentration were tried on large quantities of these materials. Dr. 
Rothen called our attention to a protein of horse serum which constitutes 
about 1 per cent of the globulin and has almost the same sedimentation 
constant as apoferritin itself. This protein was isolated but did not prove 
to be apoferritin, since it failed to crystallize out with CdS, and gave no 
precipitin reaction with the antibody. 

The organs of the horse listed in the order of their decreasing ferritin 
content per gm. of moist weight, according to the precipitin test, are 
spleen, bone marrow, liver, testicles, kidney, adrenal, pancreas, ovary, 
and lymph nodes. No ferritin was detected in the blood, striated musele, 
pituitary, or stomach mucosa. 

To determine whether an antibody against horse apoferritin would 
react with ferritin from other species we have tested crystalline dog and 
crystalline human apoferritin against the antiserum to horse spleen apo- 
ferritin. The dog apoferritin gave a weak precipitin reaction with the 
horse antibody but the human apoferritin gave no reaction. One may 
conclude therefore that horse apoferritin is species-specific. 
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Bleeding in Relation to Tron and Ferritin Content of Horse Spleen 


“Normal” horse spleens, obtained from an abattoir, are dark brown 
in color, owing in part to the high content of ferritin, ‘‘non-crystallizable 
ferritin,’ and to the presence of a large number of hemosiderin granules. 
Spleens from horses that have been bled extensively for serum production? 
are bright red in color and have only about one-tenth as much ferritin as 
the “normal.”’ Our experience with the appearance and ferritin content 
has been derived from handling some thirty ‘“‘normal”’ and seven “bled” 
spleens. The data presented in Table III illustrate these differences. 


Taste Il 
Comparison of Spleen of *‘Normal” and of “ Bled”’ Horses 


| - 
aes" in Fe in 
Seurce of spleen of Hemosiderin granules yer pound 
| of | ° spleen 
| spleen 
ce. 
Normal horse, 164+ yrs. Dark red-brown Abundantly pres- 1.0 1.81 
old, ¥ . No. 1128 ent; dense ap- 
pearance 
“Bled” horse, IS+ vre. Bright red Present in traces 0.10 0.84 
old, last bleeding 3 
mos. before, co", No. 
972 
“Bled” horse, 234+ yre. Dark brown Abundantly pres- 1.0 2.10 
old, last bleeding 17 ent; granules 
mos. before, co", No. somewhat trans- 
763 parent 
“Normal” horse, 3 yrs. Abundantly pres- 0.80 
old ent 


From these data it would appear that extensive bleeding lowers the fer- 
ntin, hemosiderin, and total iron content of horse spleen. This suggests 
that the iron of ferritin and of hemosiderin is utilized in hemoglobin produc- 
tion The work of Cruz, Hahn, and Bale (5) on radioactive iron has shown 
that the iron of broken-down erythrocytes is very rapidly utilized in new 
hemoglobin formation. It is probable that there is some equilibrium be- 
tween this iron and the storage iron present in ferritin and hemosiderin. 
A great demand for iron in hemoglobin production, as in the bled horse, 


* The author wishes to thank Dr. J. Freund of the Research and Antitoxin Labora- 
tory at Otisville, New York, for his very kind cooperation in obtaining various organs 
and horse serum for us from his laboratory. According to Dr. Freund, horses for 


serum production are bled every 3 weeks, usually 7.5 liters of blood being taken at 
one bleeding. 
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Ferritin Content of Human Liver and Spleen in Terma of Ce. of Packed Crystals 


Autopsy 
No. 


10651 


10652 


10653 
10655 


10656 
10660 
10664 
10673 
10674 
10677. 
10682 


10689 


10691 


10693 


10700 


10702 


sive heart; M., 83 


Ferritin of spleen 


FERRITIN. 
Taste IV 
Weight 
Condition* «> 
spicen 
Rheumatic heart disease, 160 0.013 
congestive failure; M., 
Essential hypertension; 220 0.033 
M., 41 
Intrapartum death; F. 5 
Leucemia, subacute, 255 0.00 
lymphoid; M., 43 
Coronary occlusion, post- 110 0.015 
operative inguinal her- 
nia; M., 76 
Congenital heart disease; 2) «(0.000 
M., 1 
Born dead (twin); M. 
Mesenteric thrombosis; F.. 120 0.005 
5s 
Carcinoma of bladder, 16) 0 02s 
postoperative shock; 
62 
Carcinoma of bladder, 60.100 
postoperative hema 
turia, dysuria; M., 44 
Hypertensive heart, car im 0.006 
diovascular disease; 
54 
Respiratory failure, post- 1170 0.010 
operative brain tumor; 
M., 5! 
Benign tumor of skull; 210 0.001 
M., 30 
Enterocolitis, circulatory 
failure; M., 3 mos. 
Cerebral hemorrhage; M., 0.006 
57 
Subdural abscess: M.. 30 0.11 
Monocytic leucemia, sub 320 0.10 
 geute; F., 31 
Essential hypertension, 140 0.05! 
cerebral vascular acci 
dent; M., 37 
Arteriosclerotic hyperten- 210 0.058 


per 


0.021 


0.074 


Trace 


0.017 


No trace 


0.008 


0 O48 


0.15 


01s 


0.017 


0.008 


0.22 
0.32 


0.071 


0.121 


200) 


Ferritin of liver 


per 
om 


0.018 


0.074 


O28 


0.037 


Pe? 


0.2 


0.063 
0.011 


0.27 


No trace 


0.11 


0.61 


4 
1000007 

| 

| 
om | 
| 
0.067 
10694 
10696 2139 0.23 1.9 

10699 1000 0.475 0.45 
240) 0.104 4 67 | 


aver 
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Taste 1V—Concluded 


Weight 
Autopsy Condition* o Ferritin of spleen ot Ferritin of liver 
No spleen liver 


ce. per ce. per | 
100 em. cc. per organ am. 100 em. per organ 


10704 Cirrhosis of liver, aleo- 20 0.022 0.044 1450 0.011 ~=0.161 
holic; fatal gastric 
hemorrhage; 2 trans- 
fusions; M., 48 

10700 «=Acute lymphatic leucemia, 700 0.111 0.78 2100 0.375 7.87 
infiltration into various 
organs; 4 transfusions; 


F., O4 

10710 Rheumatic heart disease; sO 0.0024 0.002 1150 0.104 1.2 
F., 41 | 

10714 Rheumatic heart disease; 210 0.000 1200 0.0065 0.077 
F., 31 


*M., male; F., female; all subjects white. The figure represents age in years 
except as noted. 


would lead to a decrease in the level of ferritin and hemosiderin iron. As 
for the specific protein apoferritin, its decrease in the bled animal might 
reflect either a specific drain in connection with the formation of globin 
and plasma proteins, or might be part of the general drain of protein mate- 
nals in connection with their formation. A factor possibly suggestive of a 
more direct réle plaved by the specific protein apoferritin in blood metabo- 
lism is its relatively high concentration as ferritin in the red bone marrow. 
For example, the marrow of a normal 3 vear-old horse contained about one- 
fifth of the ferritin content of this horse’s spleen per unit of press juice. 


Ferritin in Human 


An investigation of human material’ was undertaken to study the dis- 
tribution of ferritin in normal cases and to see whether the abnormal cases 
would suggest any possible function for ferritin. In the human, ferritin 
was found in the spleen, liver, and bone marrow. Other tissues have not 
yet been examined for ferritin. Ferritin obtained from humans is difficult 
to purify, as evidenced by the rounded edges of the crystals even after 
several recrystallizations, and by ultracentrifuge data on apoferritin. 
Human apoferritin (Fig. 1) was crystallized with CdSO, in the presence 
of acetate buffer of pH 4.1 (ionic strength 0.02). It can be converted 
back into ferritin by crystallizing with CdSO, in the presence of the ‘“non- 


* The autopsy material was provided us through the courtesy of Dr. W. Dock of the 
Department of Pathology, Cornell University Medical College. 
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erystallizable ferritin’ fraction of the human, or in the presence of th 
“non-crvstallizable ferritin” fraction of the horse 

The apoferritin of humans has a sedimentation constant differing litt) 
from that of horse and dog, with a probable molecular weight around 
500,000. A comparison of the content of ferntin ervstals (Table IV) jg 
spleen and liver indicates that, per unit weight of tissue, liver contains 
more ferritin than spleen. When one considers the total amount of fer. 
ritin in spleen and liver, it may be said that the amount of ferritin in spleep 
is negligible in comparison with that in the whole liver. When the fer. 
ritin content of possibly normal spleen and liver organs (1.6. in cases of 
rheumatic heart disease, hypertension, carcinoma of the bladder, and 
skull tumors) was averaged, the ferritin isolated was 0.087 ec. of packed 
ferritin crystals per 100 gm. of spleen (the extremes being 0.000 and 0.110) 
and for 100 gm. of liver it was 0.067 cc. (extremes, 0.006 and 0.230). 

The lowest value of ferritin was obtained in a case of lymphoid leucemig 
which had followed an acute reaction to arsphenamine. The highest values 
for ferritin were obtained from a case of monocytic leucemia and one o 
lvmphocytic leucemia in which storage of iron was relatively high, prob 
ably due to the inability of bone marrow to function. In a case of cirrhotic 
liver, the crystals obtained were almost colorless, in contrast to the usual 
deep brown color in all other cases. On analysis they proved to contain 
only 5 per cent Fe instead of the usual 23 per cent Fe. It is possible that 
in liver cirrhosis the iron released from degenerating hemoglobin could pet 
reach the liver directly, where it would customarily be taken up and held 
by the apoferritin in the cells. 


SUMMARY 


Ferritin has been crystallized from a number of species and organs and 
may be considered to be rather widely distributed among mammals. The 
species from which it has been isolated are, in the order of decreasing fern- 
tin content, horse, human, dog, guinea pig, mouse, rat, pig, rabbit, and eat. 
The organs from which it has been isolated are spleen, liver, bone marrow, 
kidney, and testicle. From testicles, crystals are obtained which are pale 
and contain little or no iron. There appears to be a wide individual vana- 
tion in ferritin content of an organ of a given species. The crystals of all 
the species from which they have been obtained belong to the cubic system. 
Analyses of the ferritin content of the spleens and livers of a aumber of 
human cases are also given. 

An antibody against horse spleen apoferritin has been produced in the 
rabbit. With the precipitin reaction it has been found possible to establish 
that protein crystals of ferritin obtained from one organ are immunolog- 
cally identical with ferritin crystals obtained from another organ. The 
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precipitin reaction has also been used as a sensitive test for the detection 
of apoferritin in various organs of the horse. The organs, listed in the 
order of their decreasing apoferritin content, are spleen, bone marrow, liver, 
testicle, kidney, adrenal, pancreas, ovary, and lymph node. No apo- 
ferritin could be detected in blood, striated muscle, pituitary, or stomach 
mucosa. Horse apoferritin antibody reacts slightly with dog apoferritin 
but not with human apoferritin. 

Spleens from normal horses have a relatively high content of ferritin, 
“non-crystallizable ferritin,” and hemosiderin. Those obtained from 
horses which were bled frequently contain relatively low amounts of these 
materials, indicating a reutilization for blood production not only of the 
iron but of the apoferritin as well. 


The author desires to express his gratitude to Dr. L. Michaelis for his 
suggestions and advice in these investigations. 
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THE OXIDATIVE DEAMINATION OF DIAMINES 
BY HISTAMINASE 


By NORMAN R. STEPHENSON 


(From the Banting and Best Department of Medical Research, University of Toronto, 
Toronto, Canada) 


(Reeeived for publication, March 29, 1943) 


In 1930, Best and MeHenry (1) showed that oxygen is necessary for the 
destruction of the biological activity of histamine by histaminase, and 2 
years later McHenry and Gavin (2) concluded that 1 molecule of ammonia 
is liberated for every molecule of histamine broken down. Attempts made 
by Gebauer-Fulnegg and Alt (3) to find a simple stoichiometric relationship 
between the amounts of oxygen utilized and of histamine inactivated were 
unsuccessful, but, in 1938, Zeller (4) reported the absorption of 4 to 8 atoms 
of oxygen per molecule of histamine destroyed. In the following year 
Leller, Schar, and Staechlin (5) demonstrated that the biologica! inactivation 
of histamine occurred when | atom of oxygen was consumed, though their 
experimental data showed that nearly 2 atoms of oxygen were used in the 
oxidative deamination. According to Zeller (4), histaminase catalyzes the 
following reaction. 


R-CH,NH, + + HO R-CHO + NH, + 


The extra oxygen absorbed was assumed by Zeller to be due to the further 
oxidation of the products of the initial reaction. Kiese (6) found that with 
partially purified extracts of the enzyme approximately | atom of oxygen 
per molecule of histamine was consumed; with less pure extracts, however, 
| 2atoms were absorbed per molecule of histamine. More recently, Laskow- 

ski (7) has reported that the amount of oxygen utilized and the rate of 
oxygen uptake varied considerably with the purity of the histaminase; his 
purest preparations catalyzed the consumption of | atom of oxygen per 
molecule of histamine. 


R-CH.NH. + 0, + HO. 


+ HO + catalase 


OH H,O +40, 


R-CH 
NH, 


R-CHO + NH, 
169 
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The present communication is concerned with a quantitative study of the 
mechanism of the reaction caused by histaminase when it acts upon hist. 
mine, putrescine, and cadaverine. It will be shown that | molecule of 
ammonia is liberated, 1 molecule of aldehyde is formed, and 1 atom of 
oxygen is utilized per molecule of diamine attacked. Evidence that hydro. 
gen peroxide is probably formed by the system is also included. The whole 
series of reactions may be represented in the accompanying diagram. 


EXPERIMENTAL 


Purification of Histaminase—In order to compare the histaminase content 
of tissues and of extracts of tissues, it is desirable to adopt a standard unit 
of activity based upon the amount of substrate destroyed under carefully 
controlled conditions. The unit of histaminase activity arbitrarily adopted 
is the amount of enzyme necessary to catalyze the consumption of 1 miero- 
liter of oxygen in 10 minutes, at pH 7.0 and at 37.5°, in a solution containing 
0.1 M ammonium ion and 1 mm histamine, a concentration found to be 
optimal for small amounts of the enzyme. This unit is equivalent to L4éo 
the units established by Best and McHenry (1). All measurements of 
oxygen consumption were made with the Bareroft-Warburg apparatus. 

The most reliable source of histaminase is hog kidney cortex which con- 
tains approximately 150 units of the enzyme per gm. of protein. The active 
material was extracted from the finely minced cortical tissue of four kidneys 
with 4 liters of dilute phosphate buffer at pH 7.2. After the removal of 
inert matter by filtration through cloth, the enzyme was precipitated com- 
pletely by bringing the extract to 0.5 saturation with ammonium sulfate. 
A relatively stable powder was prepared by drying this precipitate after 
most of the ammonium sulfate had been removed by filtration under re 
duced pressure. The dry powder was extracted with 1 liter of 0.3 saturated 
ammonium sulfate and the enzyme in this extract was precipitated by ad- 
justing it to 0.55 saturation with ammonium sulfate. The resulting precip- 
itate was treated with 250 ml. of 0.38 saturated ammonium sulfate. The 
extract obtained after removal of the insoluble matter was brought to 0.55 
saturation with ammonium sulfate to precipitate the active material. This 
final precipitate. when dissolved in phosphate buffer (pH 7.0), usually con- 
tained about 1900 to 2000 units of histaminase per gm. of protein and the 
solution was stable at 5° for at least a week. In the present investigation 
it was not considered desirable to increase the purity of the enzyme beyond 
this point owing to the danger of rapid deterioration in solution. Prepara- 
tions containing 3500 units per gm. of protein were obtained without 
difficulty, but the activity of the enzyme in solution frequently disappeared 
in a day or two. On two occasions the activity was increased to approxi- 
mately 5000 units per gm. of protein by fractionation and precipitation of 
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histaminase extracts by ammonium sulfate. The purest preparations of 
the enzyme were obtained in the fraction soluble in 0.4, but insoluble in 0.6 
saturated ammonium sulfate. These purified extracts were practically 
colorless. 

Relationship between Substrate Concentration and Oxygen Consumption— 
To a preparation of histaminase containing approximately 1000 units per 
gm. of protein, various amounts of histamine were added in order to yield 
final concentrations in the enzyme-substrate mixture ranging from 0.54 to 
108m. All experiments were conducted at pH 7.0 and 37.5°; the result- 
ing oxygen uptake was measured by means of the Barcroft-Warburg appa- 


Taste I 
Relationship between Oxygen Consumption and Concentration of Diamine 


Theoretical uptake of 


Substrate | of ‘Total oxygen consumed if 
} of diamine 
mu microliters microlibers 
Histamine 0.54 10.5 | 12 
0.68 15.5 15 
1.35 30.5 30 
| 2.70 60.0 60.5 
5.40 132.0 121 
| 10.80 286 .0 242 
Putrescine 0.65 | 19.0 16 
1.29 39.0 32 
2.58 69.0 64 
Cadaverine 0.56 | 14.5 14 
1.11 27.5 27.5 
2.22 60.0 55 


ratus. The relationship between the oxygen absorbed and the amounts of 
either putrescine or cadaverine in the enzyme-substrate mixture was also 
examined. Tab'e I contains a typical set of results from which it is con- 
cluded that | atom of oxygen is used per molecule of diamine oxidized. 
However, with higher concentrations of diamine, the duration of the oxida- 
tive process is prolonged and slightly more than | atom of oxygen per mole- 
cule of substrate is consumed. The amount of this additional oxygen 
uptake increased with larger amounts of substrate and with the length of 
time required for complete oxygen consumption. 

Experiments were also conducted to correlate the amount of oxygen 
absorbed and the rate of destruction of the biological activity of histamine. 
Isolated guinea pig ileum suspended in Tyrode’s solution at 37.5° was used 
for the physiological assay of the diamine. It was found that the utiliza- 
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tion of at least 1 atom of oxygen per molecule of substrate was necessary for 
the complete disappearance of the contractile effeet of histamine. 

Formation of Hydrogen Peroxide So far it has been impossible to demon- 
strate destruction of a diamine under anaerobic conditions, even in the 
presence of what should be thermodynamically suitable hvdrogen acceptors. 
Best and McHenry (1) found that histamine was not inactivated by histam- 
inase in an atmosphere of nitrogen. According to experiments performed 
by Quastel and Wheatley (8) potassium ferricvanide may act as a hydrogen 
acceptor for certain dehydrogenase systems. It was assumed that hydro- 
gen from the substrate reduces the ferricyanide, releasing hydrogen ions 
which react with bicarbonate in the solution, causing an evolution of CO, 
which may be measured manometrically. Similar tests, in which ferricva- 
nide was added to the histaminase-diamine system to play the role of a 
hydrogen acceptor, vielded negative results. In addition to ferrievanide, 
the ability of the oxidation-reduction dyes 2,6-dichlorophenol indophenol, 
methylene blue, and indigo disulfonate (9) to act as hydrogen acceptors 
under anaerobic conditions was tested. None of these dves, including the 
strongly oxidizing 2,6-dichlorophenol indophenol, changed color after at 
least 1 hour in the presence of a diamine and 20 units of histaminase under 
anaerobic conditions. This dye inhibited the enzyme by approximately 
20 per cent, but the other dyes had very little effect, if any, on the activity 
in air. No deamination of the substrate occurred in the presence of a dye 
and in the absence of oxvgen. These experiments suggest that histaminase 
acts upon diamines only in the presence of molecular oxygen. 

If this last statement is true, hydrogen peroxide should be formed during 
the reaction. Since hydrogen peroxide produced in an oxidase-substrate 
system may be utilized in coupled oxidations, several methods designed to 
detect the presence of hydrogen peroxide in an enzyme-substrate mixture 
have been reported in the literature. For example, hemoglobin was con- 
verted to methemoglobin in the presence of the xanthine oxidase system (10) 
and the amino «cid oxidase-substrate mixture (11). Keilin and Hartree 
(12) found that the addition of either ethy! aleohol to the xanthine oxidase 
system or p-phenylenediamine to the uricase-urie acid mixture utilized an 
amount of oxygen which was twice that required for the oxidation of the 
substrete, provided a peroxidase was also present. Zeller (13) reported that 
methemoglobin was formed when hemoglobin was added to the histaminase- 
histamine mixture, and also that the presence of ethyl aleohol caused an 
increase in the amount of oxygen consumed. Since the results of the latter 
tests did not seem to be entirely conclusive, attempts were made in this 
laboratory to confirm them. 

In these experiments it was possible to detect methemoglobin spectro- 
scopically after histamine had been oxidized by histaminase in the presence 
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of hemoglobin. In the absence of substrate, the hemoglobin was not oxi- 
dized, but the addition of a small amount of | per cent hydrogen peroxide 
caused the immediate formation of methemoglobin. When a few drops of 
a | percent solution of hydrogen peroxide were mixed with 0.001 mM p-phen- 
vlenediamine, no appreciable color change was detected. However, when 
I ml. of the histaminase extract, which probably contains a factor capable 
of bringing about coupled oxidations, was added to the mixture, the color of 
the solution changed from vellow to dark brown. A similar color change 
was observed when either histamine or putrescine was oxidized by histam- 
inase in the presence of p-phenvlenediamine. The increase in oxygen up- 


Taste Il 
Experiments to Illustrate Formation of Hydrogen Perozide by Histaminase-Diamine 
Reaction 


I ml. of the enzyme solution + 0.2 ml. of lm NH,Cl 7) + 0.2 ml. of the diamine 
solution. When the oxidizable material was added, the final volume of the mixture 
was 2.2 mil. 


Oxygen uptake 


material Substrate 

Without test | With test 

material material 

microliters microliters 
Hemoglobin 2 
“ Histamine 41 46 
Ethy! aleohol (10 mg.) 7 26 43 
oe Putrescine 71 95 
Resorcinol (0.01 w) Histamine 40.5 47 

BRenzidine (0.001 **) 40.5 72.5 

p-Phenylenediamine (0.001 0 
(0.001 **) Histamine 40.5 


take which occurs when easily oxidizable substances are added to the his- 
taminase-diamine mixture is shown in Table II. 

The extra oxygen consumption observed when other oxidizable sub- 
stances were added to the histaminase-histamine system is most readily 
explained by assuming that hydrogen peroxide, formed during the oxidative 
deamination of histamine, causes a secondary oxidation through the action 
of another enzyme such as peroxidase. Unfortunately, however, no direct 
evidence for the formation of hydrogen peroxide was obtained. 

Formation of Ammonia~ McHenry and Gavin (2) and Edlbacher and 
Zeller (14) showed that | molecule of ammonia was released per molecule of 
histamine inactivated. In 1935, McHenry and Gavin (15) concluded that 
this ammonia came from the side chain, because a loss in amino nitrogen 
was detected as the reaction proceeded. It was possible to confirm this 
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finding by using a copper-iodometric method for the determination of amino 
nitrogen (16). Typical results are shown in Table IIT. 

If 1 molecule of ammonia were released from the side chain of each mole- 
cule of histamine, the ratio of microliters of NH, to microliters of O. would 
be 2. Owing to the experimental errors in the methods employed, the ratio 
is actually between 1 and 2. It shows that in all probability 1 molecule of 
ammonia is split off from the side chain during the breakdown of the dia- 
mine. Zeller (13) reported that 1 molecule of ammonia was liberated per 
atom of oxygen consumed during the oxidation of histamine. 

In order to obtain additional proof of this hypothesis, the relationship 
between the amount of oxygen absorbed and the quantity of ammonia 
formed was investigated more thoroughly. After the oxvgen consumption 
was measured, the ammonia content of the reaction mixture in the Barecroft- 
Warburg vessel was determined. An aliquot of the filtrate, obtained after 


Taste Ill 
Relationship between Loss of Amino Nitrogen and Oxygen Utilized 
25 units of histaminase in 5.0 ml. of 6.7 mu histamine. 


Ammonia liberated. 
Time Oxygen uptake Amino nitrogen calculated from lows Microliters Nie 
| of amino Microliters Oy 


microliters microliters 


0 | 0 0.505 0 
l 106 0.415 14 1. 
2.5 270 0.186 510 1.80 


the removal of the proteins in the mixture with zine hydroxide (17), was 
steam-distilled in the presence of sodium borate in a micro-Kjeldahl appara- 
tus. The amount of ammonia was measured by means of an Evelyn 
photoelectric colorimeter after nesslerization of the distillate. For hista- 
mine the ratio of microliters of NH, to microliters of O, obtained from 
twenty-four estimations was 1.58 + 0.15, while for putrescine, with five 
determinations, it was 1.91 + 0.05. The values for putrescine are close to 
theoretical, while those for histamine show that more than | atom but less 
than 2 atoms of oxygen were utilized per molecule of ammonia liberated. 
The reason for this discrepancy probably lies in the fact that more secondary 
oxidation occurs in the presence of histamine than with putrescine. This 
phenomenon will be discussed in greater detail later. 

Detection of Aldehyde As Product of Reaction——Edlbacher and Zeller (14) 
obtained a crystalline 2,4-dinitrophenylhydrazone from the histaminase- 
histamine reaction mixture, but were unable te show that it was the hydra- 
zone of imidazole acetaldehyde. In 1940, Zeller, Stern, and Wenk (18) 
reported that aldehyde was produced during the oxidative deamination 
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but they did not establish any satisfactory relationship between the amount 
of aldehyde actually formed and the amount calculated on the basis of 
Zeller’s equation. 

In an effort to confirm and extend the finding of Zeller ef a/. (18) with 
respect to the formation of aldehyde in the reaction, the following experi- 
ments were carried out. The enzyme-substrate mixtures were first tested 
for the presence of reducing substance before and after oxygen consumption 
had oceurred. In every case the reducing power of the mixture, determined 
according to the Hagedorn-Jensen procedure, increased during the course 
of the reaction. The bisulfite method of Clift and Cook (19) for the detec- 
tion of carbonyl! compounds was then emploved, with certain modifications, 
to determine the increase in aldehyde content of the reaction mixture after 
oxygen had been absorbed. With histamine, the average ratio of atoms of 
oxygen to molecules of aldehyde for ten determinations was 1.11 + 0.15, 
while with putrescine it was 0.98 + 0.05, representing the average of eight 
estimations. From these results it is apparent that 1 molecule of aldehyde 
is formed when | atom of oxygen is consumed in the oxidative deamination 
of putreseine. However, the results for histamine show that slightly more 
than | atom is utilized per molecule of aldehyde formed. This extra oxy- 
gen uptake is probably due to the oxidation of the product of the reaction. 


DISCUSSION 


Several authors have observed that more than | atom of oxygen is used 
per molecule of histamine in the reaction mixture (4, 6,7). However, all 
agree that with their purified extracts of histaminase, the ratio of atoms of 
oxygen absorbed to molecules of histamine destroyed is approximately 1. 
In many of the experiments reported in this paper slightly more than | atom 
of oxygen was consumed per molecule of diamine attacked by the enzyme. 
This extra oxygen uptake was most apparent in the case of histamine. The 
other diamines investigated, putrescine and cadaverine, usually behaved in 
a manner similar to that shown in the equation given above. 

When a colorimetric diazo test was applied for the unidazole ring, with 
nitrosamine red (20), it was found that after | atom of oxygen had been 
consumed per molecule of histamine, the color formed Sy the product in the 
reaction mixture was approximately the same as that in the control in which 
no oxygen had been used. It appears from this experiment that the imid- 
azole ringis not ruptured by the direct action of histaminase as suggested by 
Best and MeHenry (1) but is perhaps oxidized slowly by a coupled oxida- 
tion brought about by hydrogen peroxide in the presence of a factor known 
to exist in tissue extracts (11). This hypothesis is supported by the fact 
that with histamine the total oxygen consumed is usually 10 to 20 per cent 
more than the theoretical amount. It also provides a possible explanation 
for the disappearance of the imidazole ring structure observed in the experi- 
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ments of Best and McHenry (1), because their test« were conducted over 
relatively long periods of time. 

From the work reported in this paper, it is possible to conclude that his- 
taminase, when in the presence of a diamine, “activates’’ hydrogen from a 
terminal amino group and passes it on to molecular oxygen. The imino 
compound which is assumed to be formed could then take on a molecule of 
water to form an addition compound. Assuming, further, that this com- 
pound is unstable, it would then break down to form | molecule of aldehyde 
and | molecule of ammonia. The hydrogen peroxide which i probably 
formed by the combination of substrate hydrogen with molecular oxygen 
is destroved by a factor such as catalase which always accompanies histam- 
inase in the extracts. Accordingly, only | atom rather than | molecule of 
oxygen per molecule of histamine is consumed in the reaction. 


SUMMARY 

1. A method is given for the purification of histaminase from hog kidney 
cortex, 

2. When histaminase acts upon | molecule of an aliphatic diamine, | 
molecule of ammonia is liberated, | molecule of aldehwde ix formed, and 1 
atom of oxygen is utilized. Evidence is presented which suggests that hy- 
drogen peroxide is also formed during the reaction. 


The author wishes to thank Dr. A. M. Wynne and Dr. B. Mendel for 
their kind and helpful assistance in this work. 
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THE EFFECT OF THYROXINE AND DINITROPHENOL 
ON SPERM METABOLISM" 


By HENRY A. LARDY ano PAUL H. PHILLIPS 


(Prom the Department of Biochemiatry, College of Agriculture, University of Wisconin, 
Madison) 


(Received for publication, March 22, 143) 


In continuation of our studies on the metabole processes involved in fur- 
nishing energy to the mammalian sperm cell a study has been made of the 
effect of certain metabolic accelerators. 

Carter (1) has reported that the respiration of rabbit epididymal sperma- 
tozoa may be increased by thyroxine by as much as 200 per cent under 
certain conditions, and has postulated a réle of thyroxine in the maturation 
process of the sperm cell. The work reported here was designed to study 
the mechanism of the action of thyroxine and dinitrophenol, and an experi- 
mental attempt to verify the work of Carter will be reported elsewhere. 

Thyroxine and dinitrophenol (DNP) are both known to stimulate the 
hasal metabolic rate but their mechanisms of action are entirely different. 
The symptoms of myxedema are not alleviated by DNP, even though the 
metabolic rate is brought to normal. Neither does DNP accelerate devel- 
opmental processes as does thyroxine (2). DNP has been shown to in- 
crease the oxidative metabolism of tissue slices, resting bacteria, and veast. 

The effects of thyroxine and DN P on the metabolism of ejaculated bovine 
spermatozoa were investigated by the methods used in previous studies of 
sperm metabolism (3,4). All experiments were carried out at 37° in the 
Warburg apparatus. The thyroxine used was the crystalline product of 
Roche-Organone, Inc.; the DNP was from Eastman. The crystalline 
orthothyroxine .5-diiodo-4-(3' phenoxy )-pheny!l- 
alanine) was prepared by Dr. Carl Niemann (5). The thyroxine com- 
pounds were dissolved in a minimum amount of dilute NaOH and made up 
to a dilution of 1:2500 (5.15 & 10° m) with redistilled water. In the final 
sperm suspension in the Warburg flask a concentration of 1:75,000 (1.72 x 
10°* wt) was used. No change in pH (glass electrode) of the Ringer-phos- 
phate solution was perceptible on addition of this amount of thyroxine 
solution. 

Results 

Dinitrophenol—The effect of various levels of DNP on the endogenous 

respiration, respiration in the presence of glucose, and aerobic glycolysis of 


* Published with the approval of the Director of the Wisconsin Agricultural 
Experiment Station. This work was supported in part by a grant from the National 
Committee on Maternal Health, Ine. 
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spermatozoa is shown in Fig. 1. DNP stimulated glycolysis as well as 
respiration in the presence of glucose but inhibited endogenous respiration. 
Maximum stimulation of both aerobic glycolysis and respiration in the 
presence of glucose was obtained with 1.33 K 10°* mM DNP. 

As shown in Table I, DNP stimulated both aerobic and anaerobic giveol- 
vsis of bullspermatozoa. In our experience specimens of bull spermatozoa 


Z (endogenous) 
| 
2xi0™ %z10°" 


CONCN. OF DNP 


Fic. 1. Effect of various concentrations of DNP on the metaboliem of ejaculated 
bull spermatozoa. ZO>r mm. of ©, per 1) 10° cells per hour. Z, = lactic acid 
(equivalent to ¢.mm. of CO.) per 100 & 10° cells per hour (4) 


Effect of Dinitrophenol on Glycolysis of Ball Spermatozoa 


Bull Sample 
Control 25 
+ 0.0001 uw DNP 44 

I Control 21 
+ 0.0001 DNP 31 


Semen diluted with an equal volume of Ringer-PO, (pH 6.95), centrifuged, and 
spermatozoa suspended in fresh Ringer PO,; glucose added to give a final concentra- 
tion of 0.02 Mm; incubated at 37°. 


vary a great deal in their exhibition of the “Pasteur effect."" The data in 
Table I include typical results obtained with specimens showing high 
anaerobic glycolysis (relative to aerobic glycolysis) as well as of specimens 
showing nearly equal anaerobic and aerobic glycolysis. In al! specimens 
the per cent stimulation obtained by a given concentration of DNP was 
greater under aerobic than under anaerobic conditions. ° 

The time course of respiration in the presence of glucose and DNP is 
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shown in Fig. 2. In these experiments glucose and DNP solutions were 
tipped from side arms into the Warburg flasks after the stop-cocks had been 
closed. In the presence of glucose only, respiration is linear during the Ist 
hour. When glucose and DNP were added, only a slight stimulation of 
respiration occurred during the first 20 minutes but the rate of oxygen con- 


[ 


WA 
— 
MINUTES 


Pia. 2. Effeet of DNP on rate of sperm respiration in presence of glucose. Curve 
A, 0.02 glucose only, Curve B glucose and 0.00006 DNP. 


Taste Il 
Effect of DNTP? on Sperm Metaboliam in Presence of Various Substrates 


“perm in Ringer phosphate + Motility at 2 hrs. 
None Is 7 | 4+ 
DNP 7.6 Very few motile 
002 glucose 17.2 5+ 
Glucose and DNP 40.6 $4.5 1+ 
0.02 lactate V+ 
Lactate and DNP es 2+ 
002 pyruvate a+ 
Pyruvate and S15 2+ 


sumption continued to increase throughout the Ist hour of the experiment. 
From these results it appeared that either DNP penetrated the spermato- 
zona slowly and that stimulation increased as the concentration of DNP 
within the cell increased or that stimulation of respiration could occur only 
after glycolytic processes had made available substrates for oxidation. To 
check the latter possibility the effect of DNP on sperm respiration in the 
presence of pyruvate and lactate was next studied. The results are shown 
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in Table II. DNP produced the greatest increase in respiration when 
glucose or lactate was present and produced an appreciable increase when 
pyruvate was the substrate. There was no lag period in the stimulation of 
respiration when pyruvate or lactate was present. 

In contrast to its effect on respiration and glycolysis, IDNP inhibited 
motility. In the absence of substrates motility was almost completely 
inhibited, especially by higher levels of DNP. In the presence of glucose, 
low concentrations of DNP did not severely inhibit motility but higher 
concentrations of DNP or prolonged contact with this substance was very 
detrimental. 

The reversibility of the effects of DNP is shown in Table IIL. The meth- 
ods used were those developed in studying the reversibility of the effects 
of metabolic inhibitors on sperm metabolism (4). The inhibition by DNP 


Tasre Ill 
Reversitility of Effects of DNP on Metabolism of Bull Spermatozoa 


“On 


Treatment 

Endogenous Pius glucose 
(a) Control. . 17.4 17.7 
(6) Treated and reversed 13.4 24.4 25.0 
(c) not reversed 5.7 


(a) Held at room temperature during treatment period; (6) treated with 2.0 x 
10-* mw DNP for 47 minutes, then centrifuged, and the sperm suspended in fresh 
Ringer-phosphate; no DNP in Warburg flask; (c) treated as in (6); 2 K 10-' uw DNP 
in Warburg flask. 


of endogenous respiration and motility was largely reversible after 47 min- 
utes treatment with 0.0002m DNP. After prolonged exposure to DN P the 
stimulation of respiration in the presence of glucose was slight and it was 
further increased by removing the spermatozoa and transferring to fresh 


_ Ringer-phosphate solution. The stimulation of glycolysis was largely, but 


not completely, reversible. 

Thyroxine—The effect of thyroxine on the metabolism of bull spermato- 
zoa is shown in Table IV. When it was found that thyroxine consistently 
produced an inhibition of respiration, the effect of orthothyroxine, an isomer 
of lower activity, was tested. This compound was supplied by Dr. Carl 
Niemann and has been shown by Boyer, Jensen, and Phillips (6) to have an 
activity (tested on thyroidectomized rats) of about one-fiftieth that of 
thyroxine. It was employed to determine whether the effect of thyroxine 
on sperm metabolism was a general effect of a compound of that type or 4 
specific metabolic effect peculiar to thyroxine only. The ortho compound 
did not significantly affect the metabolism of the sperm specimens whose 
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respiration was consistently inhibited and whose glycolysis was consistently 
stimulated by thyroxine. Neither thyroxine nor orthothyroxine had any 
appreciable effect on motility at the concentration tested. According to 
Carter (1) stimulation by thyroxine of the respiration of rabbit epididymal 
spermatozoa is greatest when the pH of the medium is altered from the 
optimum. ‘Table V shows the effect of thyroxine on the endogenous respi- 
ration of bull spermatozoa in media of various pH values. Thyroxine 
inhibited respiration in media of optimum pH (6.8 to 7 (3)) as well as in 
more acid or more alkaline media. 


Taste 
Effect of Thyroxine on Metabolism of Ejaculated Bull Spermatozoa 


Average deviation from control 


No. of zZ 
Additions experi- Ny 
ments 
genous | glucose | 
per cent per cent per cent | per ceni 
Thyroxine 1.7 w 10 -35.9 -196 415.5  +410.7 
Orthothyroxine 1.7 4 —7.7* +0.4 


* Duplicate control experiments in separate Warburg flasks checked within 8 per 
cent of each other; hence the difference is not significant. 


Taste V 


Relation of pH of Suspension Media to Effect of Thyroxine on Sperm Respiration 


(endogenous 


Control Plus thyroxine 
6.50 12.7 | 3.8 
6.758 17.6 11.1 
7.08 16 1 10.4 
7.22 16.1 12.4 
DISCUSSION 


Ditnitrophenol has long been known to stimulate tissue oxidations both 
tin vive and tn witro. Clifton and Logan (7) have credited DNP with the 
property of preventing assimilation of carbohydrate by resting bacterial 
cells. Burris and Wilson (8) have further shown that DNP will cause 
assimilated carbohydrate to be oxidized by the bacterial cell. The obser- 
vation that in spermatozoa DNP stimulates glycolysis, as well as the oxida- 
tion of various substrates, would seem to indicate that the stimulation is a 
general effect on energy-coupled reactions rather than a specific stimulation 
of fat oxidation, as has been suggested (2). In the ejaculated bull sperm 
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the endogenous respiration is probably the result of lipid oxidation (9); vet 
this respiration is inhibited by DNP (Fig. 1, Table I1). The fact that 
LIN P decreased the motility of the spermatozoa, while the processes of gly- 
colysis and oxidation are increased, indicates an interference of the energy- 
coupling mechanism with the résult that oxidation and glycolysis run ram- 
pant, while the energy is lost as heat rather than as work. Ronzoni and 
Khrenfest (10) have found that, in frog muscle, DNP increases the rate of 
disappearance of phosphocreatine, and that the mechanism for resvnthesis 
of phosphocreatine is less effective under the influence of DNP. ‘Thyroxine 
depressed respiration and stimulated glycolysis in all specimens of ejacu- 
lated bull spermatozoa examined. The effects apparently are specific for 
this hormone, since the physiologically less active isomer orthothvroxine 
did not significantly affect sperm respiration or glycolysis. 


SUMMARY 


Dinitrophenol (DNP) stimulated glycolysis of ejaculated bull spermato- 
zoa and O, consumption in the presence of glucose, lactate, and pyruvate, 
but inhibited endogenous respiration. 

Maximum stimulation of both glycolysis and O, consumption in the 
presence of glucose was obtained with 1.3 & 10°-' mM DNP. 

With glucose in the medium there was a lag period before stimulation of 
respiration by DNP occurred. No such lag period occurred with lactate 
or pyruvate as the metabolite. 

DNP inhibited sperm motility. The inhibition was greater (a) in the 
absence of added metabolites than in their presence, (6) with higher concen- 
trations of DNP, and (c) after prolonged contact with the spermatozoa. 

Thyroxine in 1:75,000 dilution (1.72 K 10-° m) inhibited respiration of 
bull spermatozoa and stimulated glycolysis. Orthothyroxine, an isomer 
of low physiological activity, did not significantly affect either glycolysis or 
respiration. 
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BENZENESULFONATE DETERGENTS ON EGG ALBUMIN 
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(From the Western Regional Research Laboratory, Bureau of Agricultural and Industrial 
Chemistry, Agricultural Research Administration, United States Department 
of Agriculture, Albany, California) 


(Received for publication, March 11, 1943) 


Several phenomena have been described as resulting from the effects of 
certain synthetic detergents on protein systems. Anson (1) showed that 
detergents are denaturants. Sreenivasaya and Pirie (15) demonstrated 
that, in the presence of detergents, tobacco mosaic virus dissociated to 
fragments of smaller size. According to Keilin and Hartree (3) the spec- 
trum of cytochrome ¢ is reversibly altered by detergents. Smith (14) 
observed a dissociation of the chlorophyll-protein complex by sodium 
dodecy! sulfate. MeMeekin (11) used detergent acids as precipitating 
agents for soluble proteins. The production of fibers from globular pro- 
tein-detergent mixtures has previously been described (10). Obviously it 
is of both theoretical and practical interest to determine the nature of the 
reactions of proteins with detergents. 

The present study is concerned solely with an electrophoretic analysis of 
the reactions of native and denatured egg albumin with detergents of the 
alkvlarylsulfonate type. It will be shown that, in addition to the changes 
involved in denaturation of the protein, there is formation of complexes 
between the protein and detergent in solutions alkaline to the isoelectric 
region.' These complexes exhibit well defined electrophoretic boundaries 
whose mobilities lie bet ween those of the protein and detergent. 

The reactions have also been investigated by means of viscosity, diffu- 
sion behavior, streaming birefringence, and x-ray analysis, but the results 
of these studies will be described in a subsequent publication. , 


EXPERIMENTAL 


Egg Albumin——Crystalline egg albumin, a representative corpuscular 
protein, was prepared from fresh eggs by the method of Kekwick and 


* Present address, Shell Development Company, Emeryville, California. 

' Since this manuscrip* was written, a paper has appeared by Miller and Anders- 
son (12) on the behavior of native and reduced insulin in Duponol solutions 
(aliphatic alcohol sulfates of chain length Cs, to C;,). Their results indicate that 
insulin forms complexes with this detergent much in the same manner as egg albu- 
min does with alkylbenzenesulfonates, as found in this investigation. 
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Cannan (4), crystallized twice, dialyzed until salt-free, and stored in the 
cold with merthiolate as a preservative. With appropriate concentrations 
and buffering conditions, the protein gave the correct electrophoretic 
schlieren patterns, mobilities, and diffusion characteristics (5, 7). The 
mobility of the descending boundary of a | per cent solution in phosphate 
buffer at pH 6.5 and ionic strength 0.1 was —5.6 K 107° sq. em. see 
volt™'. A Tiselius electrophoresis apparatus equipped with the Svensson 
schlieren optical system was employed. 

Heat-denatured albumin was prepared as follows: A 7.5 per cent solution 
of previously crystallized salt-free albumin titrated to pH 8.0 was heated 
in a boiling water bath for 10 minutes. The cooled solution was neu- 
tralized to pH 6.5, diluted with buffer of pH 6.5 to about 2 per cent protein, 
filtered through sintered glass to remove particles, and dialyzed in the cold 
against the buffer. Before electrophoretic analysis, the solutions were 
adjusted to 1 per cent protein with buffer. Several values of mobility were 
obtained which appeared to vary with the amount of aggregation which 
had occurred after denaturation. An average mobility of —6.3 xk 10° 
was calculated from the descending boundaries on the heat-denatured 
preparations in which special care had been taken to avoid aggregation 
when the solution was adjusted to pH. 6.5. This value of mobility for the 
denatured egg albumin is higher than the value for the native form under 
similar experimental conditions and it appears from further experiments 
that the mobility of the denatured form varies, depending on the pH at 
which the protein was denatured. This is in accordance with the observa- 
tions of Pauli and Weissbrod (13) and of Bull and Neurath (2) on acid-base 
changes in egg albumin following denaturation at various pH values. In 
all probability this accounts for the comparatively large difference in mo- 
bility between native and denatured egg albumin noted, whereas Longs- 
worth (7) found the two only slightly different. In the experiments in 
which detergent was added to the heat-denatured protein, no difficulty was 
experienced in obtaining solutions having uniform properties. 

Alkylbenzenesulfonates —In preliminary studies on the transformation of 
protein svstems by detergents to states favorable for fiber spinning, it was 
found that the alkvlbenzenesulfonates were among the most effective. 
Among the alkylbenzenesulfonates examined electrophoretically were 
purified sodium dodecylbenzenesulfonate? and decylbenzenesulfonate? and 
two commercial sodium alkylbenzenesulfonate mixtures*® ' (Fig. 1). 

detergent was dissolved in phosphate buffer at pH.6.5 and = 0.1. 


? Monsanto Chemical Company. 

*Nacconol N. R. 8. F., National Aniline Division, Allied Chemical and Dye 
Corporation. 

‘Atlantic Ultrawet (salt-free), Atlantic Refining Company. 
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The alkvlbenzenesulfonates were highly purified and essentially free of 
electrolyte impurities. The electrophoretic behaviors were similar for all 


Fie |) Eleetrophoretic diagrams of alkylbenzenesulfonates. Top, decylbenzene- 
sulfonate, middle, dodeeyibenzenesulfonate; bottom, technical alkylbenzene- 
sulfonate mixture. The «boundary and the deseending boundary are on the right 
ineach diagram. The boundaries on each side of the center in the diagram move 
toward the center. All solutions were at pH 6.5 and 0.1 yg. 


Fic. 2. Eleetrophoretic diagrams of albumin-alkylbenzenesulfonate mixtures. 
The weight ratios of native and heat-denatured albumin to alkylbenzenesulfonate 
in the mixtures were as follows: top, 90:10 native protein-detergent; second, 60:40 
native protein-detergent; third, 10:90 native protein-detergent; bottom, 90:10 
denatured protein-detergent. The «boundary and the descending boundaries 
are on the right in each diagram. The boundaries on each side of the center in the 
diagram move toward the center. The total protein plus detergent concentration 
was | per cent, 6.5, and 0.1 


samples except for one which showed boundary anomalies. The rates of 
movement of the ascending boundaries were faster than those of the 
descending boundaries and no attempt was made in this investigation to 
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‘alculate the mobilities for the ascending boundaries. The mobilities of 
the descending boundaries of | per cent solutions under these conditions 
were approximately —20 K sq. em. see. ' The effeet of varia- 
tion in concentration of detergent from 0.25 to 1.5 per cent and in pH 
from 6.5 to 7.8 showed no detectable difference in the electrophoretic 
behavior. 

Protein-Detergent Systems — Mixtures of the two components were made 
from | per cent solutions at pH 6.5 in phosphate buffer of ionic strength 
0.1. The volumes of protein and detergent solutions used in preparing 
the mixtures were varied from 0 to 100 per cent and from LOO to 0 per 
cent, respectively. The ratios in which the solutions were mixed will 
hereafter be referred to as the “mixing” ratios. The mixed solutions 
were allowed to stand at room temperature for at least 12 hours before 
analysis, since preliminary runs indicated that the reaction does not ap- 
proach the final state until after a period of this duration. 

Fig. 2 illustrates the typical boundary patterns found in the clectro- 
phoretic analysis of these mixtures. Solutions mixed from native protein 
and detergent in about equal quantities showed only one boundary, indi- 
cating a combination of all the protein with all the detergent. The diffu- 
sion constant of the species present in these solutions calculated on the 
basis of diffusion in water at 25° is 5.0 & 10-7 sq. em. per second, whereas 
the corresponding value for egg albumin is 7.8 & 10-7 and for alkvlbenzene- 
sulfonate is 11.4 10-7. Chemical analysis ot the salt-fractionated 
material from these protein-detergent mixtures shows a definite and 
reproducible protein to detergent composition and indicates, as do the 
electrophoretic and diffusion measurements, that a combination occurs 
between the protein and detergent anions, even though the ascending and 
descending boundaries are not mirror images. Mixtures made with a large 
propurtion of either native protein or detergent showed two boundaries, | 
suggesting that there are limits in the combining capacity of one com- 
ponent for the other. This is confirmed by chemical analysis of salt- 
precipitated material from these solutions, to be described later on in this 
paper. With heat-denatured protein, however, only a single boundary 
was observed in mixtures containing a large proportion of protein. When 
a large proportion of the detergent was mixed with either native or heat- 
denatured protein, a boundary whose mobility corresponded with that of 
free detergent was observed. Even though the patterns of the ascending 
boundaries were in general sharper than the descending boundaries (Fig. 
2), the observed rates of the ascending boundaries were only slightly dif- 
ferent from those of the descending boundaries. 

The mobilities of the descending boundaries, expressed in units of sq. 
em. sec.' volt~' &K 10°°, are given in Table I as functions of the mixing 
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ratio. In solutions in which the mixing ratio of native protein to detergent 
was high, the slower of the two boundaries exhibited a mobility only 
slightly different from that of native albumin, and was identified by this 
correlation. WKjeldah! nitrogen analysis of the material recovered from 
the region in the electrophoresis channel between the two descending 
boundaries in the case of the mixture having an excess of protein confirmed 
the mobility measurement by showing the material to be essentially pure 
protein. The material recovered between the two rising boundaries in 
solutions containing a high mixing ratio of detergent to protein showed 
only a trace of nitrogen but was high in sulfur and was therefore practically 


Taste 
Electrophoretic Mobilities of Components in Protein-Detergent System As Function of 
Mixing Ratio 
All experiments were performed in phosphate buffer, « 0.1, pH 6.5. 


Composition Mobility 
= Detergent solution keg albumin Complex ‘ Detergent 
vel. per cent on. per cont x 16 x x 10 
0 100 —19.9 
10 —16.5 —19.4 
— 16.1 — 18.6 
70 —15.8 —18.0 
—14.6 —17.7 
—13.8 
i) —13.0 
70 —12.1 
—6.2 —10.9 
10 —6.0 —10.3 


0 —5.6 


pure detergent. In cases in which the detergent was present in excess, 
its mobility appeared to decrease with increase of the mixing ratio of pro- 
tein to detergent, suggesting that small amounts of protein might be com- 
bined with the detergent. In the absence of accurate information con- 
cerning the conductivities at points within the electrophoresis cell, it is 
difficult to determine the significance of the phenomenon unless it can be 
ascribed to a further combination of traces of protein with detergent in the 
faster moving boundary. The main protein-detergent complex always 
showed a mobility, the value of which lay between those of the single 
components and varied continuously from one composition to another. 
Analysis of Electrophoretic Data—The following method was employed 
in analyzing the electrophoretic data of the complexes. Empirical con- 
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stants, Kp and Kp, relating area to concentration for the single components, 
were obtained from the data on solutions of pure albumin and detergent, 
It was assumed in calculations of the complex composition that where 
two peaks occur, one represents the protein-detergent complex and the 
other excess of a single component, cither protein or detergent as the case 
may be. When the two components were analyzed separately, a significant 
e-boundary (8) was observed with the detergent; on the other hand the 
e-boundary of the dialyzed and diluted | per cent egg albumin was small 
enough to be considered negligible for these calculations. Accordingly, in 
order to measure the concentration of detergent, the area of the e-boundary 
was added to the areas due to the detergent and was divided in the same 
proportion as the detergent occurred. The following sample calculations 
illustrate the method used to determine the percentage of protein in the 
complex. 
Case I. Free Albumin—In this case the percentage of albumin in the 
complex was ' 
IP + (DJ 


where [P,| is the amount of a'bumin in the complex and is equal to [P] — 
[P.|. In one experiment [P], the total protein concentration used, was 
0.91 gm. per 100 ec. and [P,|, the concentration of free albumin, was 
KpAp, = 0.775 X 0.826 or 0.64 gm. per 100 cc. Therefore the amount of 
combined albumin was 0.91 — 0.64, or 0.27 gm. per 100 ce., but [D,|, the 
total concentration of detergent used, was 0.09 gm. per 100 ce. Accord- 
ingly the albumin in the complex was 75.0 per cent. 

Case ll. Free Detergent—The percentage of albumin in the complex was 


IP] + [DJ 


where [P] is the total concentration of albumin used and where [D,) is the 
concentration of detergent in the complex, or 


An 
[D,) Kl An + Ag + | (3) 


Ap, represents the area of the detergent in the complex peak and A,(Ap,/ 
Ap, + Ap,) is the fraction of the area of the e-boundary corresponding to 
the detergent in the complex. Ap, represents the area under the peak of 
free detergent. In one experiment the total concentration of albumin 
used [P] was 0.1 gm. per 100 ec., all of which was combined with the 
detergent. 60 minutes after the start of electrophoresis the following 
areas were measured in arbitrary planimeter unite; eboundary = A, = 
(0.281, boundary of the free detergent = Ap, = 0.676, boundary of the 


x 100 (1) 


x 100 (2) 
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complex = Ap,p, = 0.235. The total detergent concentration was 0.90 
gm. per 100 ce., or 0.90) Ay, or 1.062 area units where Ap (determined from 
an analysis of the pure detergent) = 0.847. Therefore the area correspond- 
ing to the detergent in the complex Ap, was 1.062 — 0.281 — 0.676 = 
0.105. Tothis must be added A,(Ap,/Ap, + Ap,), which is 0.039. The 
percentage of albumin in the complex according to Equation 2 was 45.2. 

The relation of the composition of the complex to the mixing ratio as 
constructed from analysis of the areas is shown in Fig. 3. The data indi- 
cate that, if native protein is used to prepare the solution, a maximum of 
about 75 per cent of protein is present in the complex. With heat-de- 


4 
40 60 60 100 


PER CENT OF ALBUMIN SOLUTION IN MIXTURE 


Fic. 3. Relation between composition of protein-detergent complexes and the 
mixing ratio. Open circles, calculated from electrophoretic data on native albumin- 
detergent mixtures; squares, calculated from nitrogen analysis of precipitated 
complex; triangles, calculated from electrophoretic patterns of denatured albumin- 
detergent mixtures. 


natured albumin, there was no similar upper limit. Confirmation of these 
conclusions was obtained by nitrogen determinations on complexes salted- 
out of solutions prepared in the same manner. The amount of salt 
necessary to precipitate the complex is considerably less than that required 
to precipitate either the protein or the detergent alone. The correlation 
of the data obtained by two such diverse methods of approach is rather 
conclusive evidence for the interpretation of the reactions.® 


*The character of the precipitate formed when electrolytes are added to these 
mixtures is distinet from that of precipitates of either the protein or detergent alone. 
Aside from being more sensitive to salt, the precipitated complex varies from a 
floecular to a slimy form as the amount of detergent present increases. The precip- 
itate can be drawn into fibers when it contains over 50 per cent detergent. 
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Relation of Motility Data to Composition In Fig. 4 the mobilities of the 
protein-detergent complexes are plotted against the mixing ratios of protein 
and detergent and against the patterns calculated from the electrophoretic 
composition of the complex. In solutions made up with exeess native 
protein which showed the presence of a free albumin boundary (although 


A. 


5 
Oo 20 40 80 
ALBUMIN 


100 60 60 40 20 0 
DETERGENT % 

Fic. 4. Relation of mobilities of protein-detergent complex to composition. The 
mobility of alkylbenzenesulfonate, ~—Di k 10°*, is shown at the extreme upper left 
corner; the mobilities of native albumin, —5.6 10 *, and heat denatured albumin, 
—6.7 K 10°', are shown below and above, respectively, at the lower right. The same 
scale is used for the mixing ratio and complex composition. Open circles, mobilities 
of complexes versus mixing ratio; solid circles, mobilities of complexes versus com- 
position of complexes; triangles, mobilities of denatured albumin-detergent com- 
plexes versus composition of complexes. The solid circles on the vertical line at 
approximately 75 per cent protein represent complexes of native protein 


the composition of the complex remained constant at approximately 75 
per cent protein), the mobility of the complex varied with the amount of 
detergent used. Since the percentage composition of the complex remains 
constant, the increase in mobility can be interpreted as indicating a libera- 
tion of ionizable groups resulting from progressive denaturation of the 
combined protein. 
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During electrophoresis of albumin and detergent mixtures, which contain 
relatively more detergent than a 70:30 albumin-detergent mixture, the 
area under the peak of the complex grew smaller coincidentally with a gain 
in the area due to free detergent. With such complexes the mobility value 
at any one time represents an average of the mobilities of the continuously 
varying complexes up to the time of the measurement. Accordingly there 
is an average value of composition whose mobility corresponds to that 
observed during the entire interval. 

This average composition was estimated graphically from the extra- 
polated curve in which the composition is compared with time. In Fig. 5, 
such a curve for a 20:80 protein-detergent mixture is shown. It is not 


\ 


| | 
| | 
| 


TIME IN MINUTES 
Fie. 5. Composition of protein-detergent complexes of a 20:80 weight ratio of 
native albumin-detergent mixture at various times during electrophoresis. The 
eurve has been drawn to the original mixing ratio. 


certain that the curve may be extrapolated to the original mixing ratio but 
the error in such an assumption is not significant. The values of the 
average compositions obtained by dividing the areas under the curve by 
the time for 10:90 and 20:80 protein-detergent mixtures are shown in Fig. 4. 
Since the boundaries of free detergent in 30:70 and 40:60 protein-detergent 
mixtures were very small, the corresponding calculations were not at- 
tempted. It is seen that the calculated mobilities of the complexes, within 
limits, parallel their compositions. 

In the experiments just described the total protein-detergent concent ra- 
tion was | per cent and the pH 6.5. However, this concentration (90: 10 
weight fraction of native protein-detergent mixture) could be increased to 
4 per cent and the pH to 11.8 without significant difference in distribution 
of the components, although there were the expected changes in mobility. 
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The reactions which occur when an alkvibenzenesulionate is added in 
increasing quantity to a solution of native egg albumin may be described as 
follows: Up to the value of 0.3 weight fraction of detergent a complex is 
formed, the composition of which remains constant at approximately 1 part 
by weight of detergent to about 3 parts by weight of protein, and the excess 
native protein is detected as a separate boundary. 

With heat-denatured protein, however, complexes of continuously 
varving composition are formed throughout the range of 0 to 0.3 weight 
fraction of detergent, since only one boundary is observed under these 
conditions, 

To explain why native albumin in this region reacts with a limited 
amount of detergent, it may be assumed that there is only a definite number 
of reactive groups structurally available. Upon denaturation more reae- 
tive groups are liberated and the protein then reacts in all proportions with 
the detergent. 

With weight fractions of detergent exceeding 0.3 the complexes with 
native or denatured protein are indistinguishable clectrophoretically. 
The electrophoretic behavior of ege albumin and alkyvlbenzenesulionate 
mixtures is similar to the behavior of mixtures of serum albumin and thy- 
mus nucleic acid on electrophoretic analysis as described by Stenhagen 
and Teorell (16). The interpretation given by Longsworth and Mae- 
Innes (9) of their patterns of ovalbumin-veast nucleic acid mixtures 
based on the assumption that a complex is formed that can dissociate both 
reversibly and rapidly. Under this condition the mobility cannot be 
determined by means of electrophoresis alone. In the case of the allbumin- 
detergent mixtures, the complexes, after correction for the free detergent, 
have mobilities proportional to their composition, indicating that the union 
of the protein and detergent occurs in such a manner that the ionizable 
groups of both components are additive in their effects on mobility. If 
the mobilities of the complexes were directly proportional to the compost- 
tion of the complexes, then the values for the mobilities should fall on a 
line connecting the mobility of the detergent alone and that of the heat- 
denatured protein. The values found run somewhat higher and this 
taken to favor the view that additional ionizable groups not exposed in the 
heat-denatured protein are exposed by the action of the detergent. 

The nature of the attractive forces between two negatively charged 
micelles has been discussed (6). Both electrostatic and van der Waals 
forces have been favored as being responsible for such attractions. Since 
the ionizable groups of each component appear to contribute to the net 
charge in the complexes of protein and detergent, the attraction would 
seem to arise from forces other than those contributed by the ionizable 


cu 
fe 
a 
Py 
‘ 
* 
| 
os 
i 
in 
=, 
te 
« 


in 


LUNDGREN, ELAM, AND O'CONNELL 193 


groups. “This conclusion is substantiated by acid-base-combining capacity 
measurements made on protein-detergent complexes which will be reported 
in a subsequent publication. 


SUMMARY 


The results of electrophoretic analysis of an egg albumin-alkylbenzene- 
sulfonate system permit the following conclusions. 

|. Both native and heat-denatured egg albumin form complexes of well 
defined electrophoretic patterns with alkyvlbenzenesulfonates in solutions 
alkaline to the protein isoelectric point. _ 

2. In mixtures containing relatively large amounts of native protein, 
the detergent combines with a maximum of 3 times its weight of protein, 
leaving the excess native albumin free. 

3. When heat-denatured protein is mixed in large amounts with de- 
tergent, there is complete combination in all ratios, 

4. Complexes formed in solutions containing a large amount of deter- 
gent have a correspondingly high detergent content ; however, at least some 
of this detergent is reversibly bound, since dissociation of the detergent 
from the complex oecurs during electrophoresis. This phenomenon occurs 
in complexes formed by mixing with either native or denatured albumin. 

5. The protein-detergent complex exhibits an electrophoretic mobility, 
within limits, that is parallel to the composition of the complex. 

6. The proteim in the complex exhibits the electrophoretic behavior of 
completely denatured protein, when the fraction of detergent present is 
0.3 or more. 
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XANTHURENIC ACID AND ITS ROLE IN THE TRYPTOPHANE 
METABOLISM OF PYRIDOXINE-DEFICIENT RATS* 


By SAMUEL LEPROVSKY, ELISABETH ROBOZ, ano A. J. HAAGEN-SMIT 


(From the Dirivsion of Poultry Husbandry, College of Agriculture, University of 
California, Berkeley, and the William G. Kerckhoff Laboratories of the 
Biological Sciences, California Inatitute of Technology, Pasadena) 


(Reeeived for publication, April 2, 1943) 


In a previous publication (1) the isolation of a green pigment frem the 
urine of pyridoxine-deficient rats was deseribed. The green pigment was 
shown to be the product of a reaction between ferric ammonium sulfate or 
other ferric salts and a compound whose nature was unknown. This com- 
pound has now been isolated in crystalline form. It is a vellow pigment and 
has been identified as xanthurenic acid. 

Isolation of Nanthurenie Acid The xanthurenic acid was isolated from 
the urine of pyridoxine-deficient rats with the help of the paper-packed 
chromatographic column described in a previous publication (1). Cotton 
pulp has been used successfully and can replace the paper pulp. The vel- 
low pigment was lightly adsorbed from rat urine’ which had been saturated 
with sodium chloride. The column was washed with saturated sodium 
chloride solution, which carried through most of the urinary constituents 
before the vellow pigment came through. This process was repeated until 
the vellow pigment was obtained in a fair degree of purity. The sodium 
chlonide-saturated solution containing the vellow pigment was then con- 
centrated to about one-tenth of its volume and the precipitated sodium 
chlonde removed by filtration. At this point, two different procedures 
were emploved. 

The solution was further concentrated until, along with sodium chloride, 
the vellow pigment crystallized out in needles which aggregated to form 
rosettes. The erystal form of the vellow pigment ts illustrated in Fig. 1. 
The vellow pigment could be separated from the sodium chloride by re- 
ervstailization. 

The second procedure consisted of eliminating most of the salt from the 
solution with aleohol and acetone. 2 to 4 volumes of alcohol were added to 
the salt-saturated solution and to this alcoholic solution was added an equal 
volume of acetone. The precipitate was discarded and the filtrate was 


* This work was supported in part by a grant from the American Cyanamid 
Company. 

' Much of the urine from pyridoxine-deficient rats was kindly given to us by the 
Vitab research laboratory, Emeryville, California. 
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evaporated in a vacuum until the vellow pigment crystallized out. It was 
recrystallized from solutions containing small amounts of sodium chloride. 
Attempts to recrystallize the vellow pigment from distilled water failed. 

The vellow pigment differs in many ways from its green iron complex, 
The green pigment ts more readily adsorbed on the paper-packed column 
than the vellow pigment, and so far it has not been obtained in the form of 
well defined crystals. The vellow pigment, like the green iron complex, is 
soluble in strong alcoholic solutions and in aleohol-acetone solutions. These 
solubility characteristics have been taken advantage of in the isolation of 
the vellow pigment, as described above. 

Identification of Yellow Pigment As Nanthurenic Acid The elementary 
analysis of the vellow pigment showed a considerable amount of ash, owing 
to the presence of sodium. To obtain the free acid, the pigment was dis- 
solved in 50 per cent ethyl aleohol and the acid precipitated with 1» 


Fic. 1. Crystals of the Na salt of xanthurenie acid 


H.SO,. It was purified further by dissolving in warm 50 per cent alcohol, 
adding excess 0.1 N NaOH to form the sodium salt, and filtering off the 
impurities. The acid was reprecipitated with 0.1 HCL After two pre- 
cipitations the me!ting point, 288°, of the substance could not be raised by 
further precipitation. The acid, which is a light vellow pigment, changes 
to vellowish brown in alkaline solution. When an excess of HCl is added, 
the free acid which is precipitated is redissolved, forming a light vellow- 
green solution. If the acid solution is left standing or is warmed, it turns 
nearly colorless. With methyl red it is monobasic; with phenolphthalem, 
dibasic. 

The compound is nearly insoluble in water, slightly soluble in 50 per cent 
alcohol and in dilute HC1, and easily soluble in alkali hydroxides, carbonates, 
and hot dilute HC. 

The microanalysis gave the following results. 

Caleulated. C 58.53, H 3.42, N 6.89 
Found. 
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The equivalent weight was found by titration to be 103.3. Calculated for 
a dibasic acid of the formula CyoH;NO,y = equivalent weight 102.5. 

The analytical data are best explained by assuming that the vellow pig- 
ment is the sodium salt of a monohydroxyquinolinecarboxylic acid with | 
molecule of water of crystallization or that of a dihydroxyquinolinecarbox- 
ylie acid. 

A search of the literature revealed that recently a similar acid had been 
found by Musajo (2) in urine. This acid is a 4,8-dihydroxyquinoline-2- 
carboxylic acid and was called xanthurenic acid. The properties of this 
xanthurenic acid resemble closely those of our vellow pigment. 

Since it was not possible to obtain a sample of Musajo’s acid and the 
melting points of kynurenic and xanthurenic acids are close together, and 
since other properties are also very similar, it was desirable to carry out 
specific color reactions and prepare the methyl ester for more reliable iden- 
tification. The methyl ester of kynurenic acid melts at 224°, whereas the 
methyl ester of xanthurenic acid melts at 262°. 

Preparation of Methyl Ester of Nanthurenic Acid The free acid was sus- 
pended in absolute methyl aleohol (3) (25 mg. in 2ce.). It was heated in a 
water bath at 60° and dry HCl bubbled through it for 3 hours. When the 
esterification was completed, the reaction mixture was cooled for 2 hours in 
ice-salt mixture, centrifuged, and washed twice with cold methyl alcohol. 
The precipitate was taken up in 25 ec. of boiling water and after being 
cooled in ice was neutralized with NaHCO,. It was stirred again and al- 
lowed to stand overnight under refrigeration. The precipitate was re- 
erystallized from hot 50 per cent ethyl aleohol. After three recrystalliza- 
tions, 12.4 mg. of methyl ester were obtained with an approximate yield of 
percent. It crystallized as light yellow, silky needles which melted at 
200-261°. It was dried at 110° and analyzed. 


CH NO, Caleulated. C 60.25, H 4.14, N 6.40 
Found. **@0.32, ** 4.26, ** 6.532 


The foliowing color reactions were carried out with the free acid: (1) Millon’s 
reagent, orange-red color; (2) acetic acid-acetic anhydride and benzene, 
light brown-violet color; (3) freshly synthesized diazobenzosulfonic acid, 
intense red color. 

In order to distinguish between the kynurenic acid and xanthurenic acid, 
reactions were carried out which gave different colors with these two quino- 
lineearboxylic acids (4). (1) FeCl, added in the presence of NaHCO; gave 
an intense green color. This is characteristic of xanthurenic acid, whereas 
kynurenic acid gives no color reaction. (2) Diazobenzosulfonic acid in the 
presence of NallCO, gave the red color of xanthurenic acid. Again kynu- 


* The authors wish to express their thanks to Dr. G. Oppenheimer for carrying 
out the microanalyses. 
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renic acid did not give this color reaction. (3) Nanthurenic acid evaporated 
with concentrated HCI and KCIO,; turns brown when moistened with NH, 
Kvnurenic acid sunilarly treated gave a green color. (4) The reaction of 
Kotake and Shichin (5); the substance was boiled in alcoholic solution 
with phenylhydrazine hydrochloride and sodium carbonate and extracted, 
after being cooled, with ether. On addition of concentrated HSO,, after 
removal of the ether, no color reaction was observed, whereas kvnurenine 
gives a blue color. 

The yellow compound isolated from the urine of pyridoxine-deticient rats 
must therefore be identical with xanthurenic acid, the formula of which is 


0 
/COOH 
N 


Relation of Pyridoxine Deficiency to Protein (Tryptophane) Metaboliam 
Since xanthurenic acid occurs in the urine of pyridoxine-deficient rats and 
immediately disappears from the urine on addition of pyridoxine to the diet, 
it would seem that xanthurenic acid is the result of some sort of metabolic 
derangement brought about in the rat by inadequate pyridoxine intake. 
That this metabolic derangement might involve tryptophane metabolism 
follows from the work of Musajo (6) who found that on high protein diets 
rats and rabbits excrete both kvnurenic acid and xanthurenic acid in the 
urine.Y He suggested that these acids found their origin in tryptophane as 
follows: 


kyvnurenic acid 


Tryptophane --* kynurenine 


xanthurenic acid 

If, in pyridoxine-deficient rats, xanthurenic acid originated from dietary 
tryptophane, the feeding of a trvptophane-deficient diet should result in the 
disappearance of xanthurenic acid from the urine of pyridoxine-deficient 
rats and the addition of tryptophane should cause the reappearance of xan- 
thurenic acid in the urine of such rats. This has in fact been found experi- 
mentally to be the case. 

Pyridoxine-deficient rats were put in metabolism cages* and the presence 
of xanthurenic acid in their urine was established by the production of the 


* The authors wish to express their thanks to Mrs. Della Parsons for the care 
of the animals used in this work. 
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green color with ferric ammonium sulfate. The casein was then removed 
from their diets and replaced with zein and gelatin, a protein mixture very 
low in tryptophane. The xanthurenic acid disappeared from the rat urine 
infrom 6 to 12 hours. Lach rat was then fed 20 mg. daily of /-tryptophane 
and within 6 to 12 hours xanthurenic acid reappeared in their urine. Addi- 
tion of 20 y of pyridoxine‘ daily to the diet of each rat immediately caused 
the disappearance of xanthurenic acid from the rat urine. 

This experiment was repeated with acid-hydrolyzed casein replacing the 
casein in the pyridoxine-deficient diet. The absence of tryptophane in the 
acid-hydrolyzed casein was established by qualitative tests. The results 
obtained with this tryptophane-deficient diet were identical with those ob- 
tained with the use of zein and gelatin as the tryptophane-deficient proteins. 
This leaves little doubt that the function of pyridoxine is related to trypto- 
phane metabolism. 

These results are in harmony with those of Voris and Moore (7) who 
showed that pyridoxine is related to protein metabolism. They used 
paired rats, one rat of each pair receiving pyridoxine. The pyridoxine-fed 
rat gained more weight than its paired pyridoxine-deficient mate, and the 
gains in weight were exclusively protein, whereas in similar studies with 
thiamine and riboflavin the gains were represented by fat. 

Foy and Cerecedo (8) studied pyridoxine deficiency in rats on diets con- 
taining 15, 30, and 45 per cent casein. At the low level of protein intake, 
little dermatitis developed in 70 days, while at the intermediate level the 
rats developed dermatitis after 30 days. At the highest level of protein 
intake (45 per cent casein) severe dermatitis developed in 26 days followed 
shortly after by death. Apparently high protein (tryptophane?) intake 
seems to increase the severity of the nutritional disorder in rats due to in- 
adequate intake of pyridoxine. Perhaps the excess protein destroys pyri- 
doxine in the rat in some unknown way. Such a phenomenon would 
explain the early appearance of xanthurenic acid in the urine of rats and 
rabbits (6) fed high protein diets. 

Species Differences’ While pyridoxine-deficient rats exerete an abun- 
dance of xanthurenic acid in their urines, pyridoxine-deficient dogs excrete 
very little (9), even when they have become very anemic as a result of the 
deficiency. So far, no xanthurenic acid has been demonstrated in the 
droppings of chicks.’ Wintrobe et al. (10) have reported the occurrence of 
a compound in the urine of pyridoxine-deficient pigs which gives a green 
color with the addition of ferrie ammonium sulfate, indicating the presence 
of xanthurenic acid. 


* The pyridoxine was generously supplied by Merck and Company, Inc., Rahway, 
New Jersey. 
* Kratzer, F. H., unpublished results. 
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DISCUSSLON 


In the past, three related compounds, namely kvnurenic acid, kynurenine, 
and xanthurenic acid, have been isolated from urine as products of protein 
metabolism. Kynurenic acid was first isolated by Liebig (11) in 1853, and 
eilinger and Matsuoka (12) found it after feeding tryptophane. WKotake 
and Iwao (13) isolated kynurenine as an intermediary product in 
tryptophane metabolism and reported that kynurenine is excreted as a po- 
tassium salt, whereas kynurenic acid is found as a sodium salt. Musajo (2) 
found a compound similar to kynurenic acid in connection with feeding high 
protein diets and named it xanthurenic acid. 

The excretion of kvnurenic acid, kvnurenine, and xanthurenic acid seems 
to be connected with vitamin deficiencies. Rabbits on a diet of polished 
rice, Which is deficient in the vitamin B complex, excrete not only kynurenie 
acid but also kynurenine (13). In this paper it is shown that the urine of 
rats on a diet deficient in pyridoxine contains xanthurenic acid. Whether 
other members of the vitamin B complex are also related to tryptophane 
metabolism remains to be shown. Thus far all that is known is that panto- 
thenic acid-deficient rats do not excrete any xanthurenic acid in their urine. 

The species differences, especially as found with the dog and rat, are of 
interest. Pyridoxine-deficient rats excrete an abundance of xanthurenic 
acid in their urine, but they do not become so severely anemic as pyridoxine- 
deficient dogs (9); vet such dogs excrete but very little xanthurenic acid (9). 
It must follow, therefore, that the metabolism of tryptophane does not 
follow the same pathway in both the rat and the dog. 


SUMMARY 


1. A vellow compound was isolated from the urine of pyridoxine- 
deficient rats. 

2. This vellow compound is shown to be identical with Musajo's xan- 
thurenic acid, a 4,8-dihvdroxyquinoline-2-carboxyvlic acid. 

3. Xanthurenic acid was shown to originate in dietary tryptophane. 

4. The relation of pyridoxine to tryptophane and protein metabolism has 
been discussed. 
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SERUM PHOSPHORUS CHANGES DURING THE ABSORPTION 
AND METABOLISM OF GLUCOSE, GALACTOSE, 
AND XYLOSE* 


By ALFRED H. FREE ano JACK R. LEONARDS 


(From the Department of Biochemiatry, School of Medicine, Western Reserve University, 
Clereland) 


(Reeeived for publication, April 14, 1943) 


Since Fiske (1) first pointed out that the ingestion of sucrose by human 
subjects results in a deerease in the rate of exeretion of urinary phosphate, 
many studies have been made of the changes in blood phosphorus after the 
ingestion or injection of ghicose (2.9). Llowever, very little attention has 
been paid to the changes in serum phosphorus after ingestion of other 
sigars such as galactose or xylose. Koehler, Rapp, and Hill (10) found 
that ingested lactose caused a decrease in the inorganic phosphate of whole 
blood but MeCullagh and MeCullagh (11) attribute this fall to the glucose, 
since in one patient they found galactose to have no effect on serum inor- 
ganic phosphorus. Barrenscheen and coworkers (12) found a small irregu- 
lar decrease in serum inorganic phosphorus after ingestion of 40 gm. of 
galactose by three patients but no effect on the urinary excretion of phos- 
phate was noted in their experiments. 

The following experiments were carried out to obtain further data on the 
relation of serum inorganic phosphate to the absorption and metabolism of 
galactose and xvlose in normal human subjects and in normal dogs. 


Methods 


In the ingestion experiments with both humans and dogs 0.6 gm. of the 
sugar per kilo of body weight was administered as a 10 per cent solution. 
The solution was flavored with lemon juice for the oral administration to 
humans and in the studies with dogs the solution was administered by 
stomach tube. In the other experiments the same amount of the sugar in 
a sterile 10 per cent solution was injected intravenously at a uniform rate 
over a period of | hour. This method of gradually administering the sugar 
more nearly simulates the rate at which the sugar enters the blood stream 
from the intestine than if it were rapidly injected. Urine samples were 
collected for 1 hour before the test dose and hourly thereafter except in the 
studies in which galactose was given orally, when the periods were of 90 
minutes duration. A sample of blood was obtained during fasting in all 


* This investigation was supported by a grant from the Williams-Waterman Fund 
of the esearch Corporation. Presented before the Division of Biological Chemistry 
of the American Chemical Society at Buffalo, September, 1042. 
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cases and subsequent samples were taken at half hourly periods in the 
human studies and more frequently in the canine experiments. The blood 
samples obtained for analysis during the injection period were from a region 
of the body other than that in which the injection of sugar was being made. 
Glucose was determined in oxalated whole blood by the method of Hage- 
dorn and Jensen (13) following precipitation of the proteins with tungstie 
acid, Galactose and xylose were determined by the same method following 
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Fic. 1. Effect of the oral administ. ation of glucose (0.6 gm. per kilo of body weight) 
to humans on the blood glucose (Curve 1) and serum inorganic phosphorus (Curve 2)- 
The results are averages obtained on cight normal subjects 

Fic. 2. effect of the oral and intravenous miminist ration of alactose cin. per 
kilo of body weight) to humans on the serum inorganic phosphorus and blood galae- 
tose. Curve 1 represents blood galactose after the sugar is given intravenously; 
Curve 2, after oral ingestion. Curve 3 represents serum tnorganic prbocnpobocortan after 
the sugar is given intravenously; Curve 4, after oral ingestion. The results are 
averages obtained on eight normal subjects. 


the removal of glucose from the blood by fermentation with bakers’ veast 
(14). Serum inorganic phosphete was determined by the method of Fiske 
and Subbarow (15) adapted for use with an Evelyn photoelectric colorim- 
eter. In all cases the results are recorded as mg. of phosphorus per 100 ce. 
of blood serum. The normal human subjects used in this study were all 
male medical students. 


Results 


Fig. | shows the average changes in blood glucose and serum inorganic 
phosphorus in eight human subjects after the ingestion of ghicose. The 
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changes in blood glucose are typical of those observed in a normal test of 
glucose tolerance. The serum inorganic phosphorus decreased from 3.9 
mg. per 100 cc. to a minimum of 3.3 mg. per 100 cc. at 60 minutes. The 
urinary excretion of phosphorus decreased from an average control value of 
40 mg. per hour before the test to 30 mg. during the Ist hour after glucose 
ingestion and 14 mg. during the 2nd hour. 
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Fie. 3. Effect of the oral and intravenous administration of galactose (0.6 gm. per 
kilo of body weight) to dogs on the serum inorganic phosphorus and blood galactose. 
Curve | represents blood galactose after the sugar is given intravenously; Curve 2, 
after ingestion. Curve 3 represents serum inorganic phosphorus after the sugar is 
given intravenously; Curve 4, after ingestion. The results are averages for twelve 
dogs receiving the sugar orally and six intravenously. 

Fic. 4. Effect of thé oral and intravenous administration of xylose (0.6 gm. per 
kilo of body weight) to dogs on the serum inorganic phosphorus and blood xylose. 
Curve | represents blood xylose after the sugar is given intravenously; Curve 2, after 
ingestion. Curve 3 represents serum inorganic phosphorus after the sugar is given 
intravenously; Curve 4, after ingestion. The results are averages for five dogs 
receiving the sugar orally and two intravenously. 


‘ig. 2 shows the average changes in serum inorganic phosphorus and 
blood galactose when the sugar was given both orally and intravenously to 
the same eight subjects who received the glucose in the preceding experi- 
ments. The intravenous administration of galactose gave a somewhat 
higher blood galactose level than did the ingestion of the sugar. Similar 
decreases in serum inorganic phosphorus were obtained following admin- 
istration of the sugar by either route. The urine phosphorus was 51 mg. 
for a 0) minute control period and decreased to 38 mg. for a 90 minute 
period after the ingestion of galactose. When the galactose was admin- 
istered intravenously, there was a similar decrease in the excretion of urine 
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phosphate from 24 mg. per hour in the control pertod to L4 mg. in the Let 
hour and 12 mg. in the 2nd hour after the injection was started. Although 
the values given in Fig. 2 represent averages for the whole group, it is sig. 
nificant that in every individual case there was a decrease in serum inor- 
ganic phosphorus and a decrease in urine phosphorus. 

Fig. 3 shows the changes in serum inorganic phosphorus and blood 
galactose following the oral and intravenous administration of galactose to 
normal female dogs. The decrease in serum inorganic phosphorus after the 
ingestion of galactose is somewhat less than after the intravenous admin- 
istration of the sugar. 

The effects of the oral and the intravenous administration of xvlose te 
normal dogs are shown in Fig.4. When the xylose was administered orally, 
the level of the blood xylose reached a maximum in 60 minutes, and after 
this time the blood concentration decreased at a much slower rate than with 
galactose. When the sugar was given intravenously, the rate of xvlose 
removal from the blood was also slower than that of galactose. The serum 
inorganic phosphorus decreased after the sugar was given by both routes 
but the decrease was somewhat greater after the intravenous administra. 
tion. The maximum decrease occurred at 60 minutes when the sugar was 
given intravenously and at 90 minutes after the oral administration. The 
level of serum phosphorus then increased and attained a higher concentra- 
tion than was present in the original fasting sample. 


DISCUSSION 


It is significant that in all of the forty-one experiments reported a de- 
crease in the serum inorganic phosphate resulted after the administration of 
the sugar. Asa control experiment similar volumes of physiological saline 
were administered both orally and intravenously to dogs and no changes of 
serum inorganic phosphorus resulted. 

During the past two decades in which it has been known that serum 
inorganic phosphorus decreases after sugar ingestion, a vast amount of 
knowledge has accumulated concerning the relationships of phoxphorus- 
containing compounds to intermediary carbohydrate metabolism (16-18). 
The principal reasons for the changes in serum phosphorus following the 
administration of sugars are at p'esent obscure. The various possibilities 
that are suggested include the utilization of serum phosphorus in (1) phos 
phorvlation of the sugar during absorption, (2) the formation of liver glyeo- 
gen, (3) the formation of muscle glycogen, (4) muscle glycolysis, (5) phos- 
phorylation of sugar during tubular reabsorption in the kidney, and (6) 
excretion of phosphorus in the urine. In the present studies and also as 
observed by other investigators the urinary excretion of phosphorus de- 
creased after the administration of glucose and galactose. This indicates 
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that the level of serum phosphorus governs the urinary excretion rather 
than being dependent on it. It has been suggested that tubular reabsorp- 
tion of sugar in the kidney involves a process of phosphorylation (16, 19). 
In consideration of the effect of tubular reabsorption, we have noted de- 
creases in serum phosphorus after oral and intravenous administration of 
galactose or xylose to a nephrectomized dog, which were similar to the 
decreases observed in normal dogs. In other experiments in which the 
urinary excretion of galactose was markedly increased owing to a liver im- 
pairment there were also similar changes in serum inorganic phosphorus. 
It appears that the process of tubular reabsorption has very little if any 
effect in decreasing serum inorganic phosphorus after carbohydrate ad- 
minixtration. 

The experiments in which changes in serum phosphorus were compared 
after oral and intravenous administration were designed to determine 
whether the passage of the sugar across the intestinal mucosa was in any 
way responsible for these changes. The results of the experiments shown 
in Figs. 2 to 4 indicate that the decrease of serum phosphorus tends to be 
greater after intravenous than after oral administration. There are certain 
dissimilarities in rates of administration by oral and intravenous routes that 
eannot be avoided and that might account for the small differences in the 
serum phosphorus curves. However, it appears that the process of the 
absorption of galactose or xvlose has no effect on the decrease in serum 
phosphorus. 

In the experiments on humans the decrease in serum phosphorus after 
galactose by either the oral or intravenous route was of the same character 
as the decrease in serum phosphorus after a similar quantity of glucose given 
orally. At the present time the relative réles of the liver and muscles in 
removal of galactose from the blood are still uncertain. ‘Therefore on the 
basis of our experiments it is impossible to determine by which mechanism 
the serum phosphorus is decreased after administration of the sugar. 

The observation that the administration of xylose results in similar 
decreases in serum phosphorus strongly suggests that it is utilized in a man- 
ner which is similar to that of glucose and galactose. However, since the 
decrease in serum phosphorus is somewhat less after xvlose than after 
galactose administration and also since the rate of removal of xvlose from 
the blood is slower, it appears that the rave of utilization of xylose is less 
than that of glucose or galactose. Similar observations have been noted in 
a nephrectomized dog in which the removal of xvlose from the blood must 
have been due to a utilization of the sugar. 


SUMMARY 


1. The changes in blood glucose and serum inorganic phosphorus in eight 
normal human subjects were determined at intervals following the ingestion 
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of 0.6 gm. of glucose per kilo of body weight. Similar studies were carried 
out after oral and intravenous administration of the same quantities of 
galactose. A decrease in serum inorganic phosphorus and urinary exere 
tion of phosphorus occurred in all of these studies. 

2. Serum inorganic phosphorus decreased following the ora! and intra. 
venous administration of 0.6 gm. per kilo of body weight of galactose or 
xvlose to normal dogs. 

3. Comparison of the changes of serum phosphorus following the oral and 
intravenous administration of galactose and xylose indicates that the proe- 
ess of intestinal absorption of the sugar does not influence the decrease in 
serum phosphorus, 

1. Indirect evidence is presented to show that xylose is metabolized by 
the dog, although the rate of metabolism is slower than that of glucose or 
galactose. 
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LIVER GLYCOGEN AND LIPIDS IN FASTED AND 
GLUCOSE-FED RATS 


By C. TREADWELL, HERBERT TIDWELL, «so BARNEY G. GRAPA, Jr. 
(From the Department of Biochemistry. College of Vedicine, Baylor niversity, Dallas) 


(Reeeived for publication, April 19, 1943) 


Devel and Davis (1) and Treadwell ef a/. (2) have shown that rats receiv- 
ing a diet high im fat and low in protein and lipotropice factors have a de- 
creased tolerance for glucose. In this laboratory (2), the livers of these 
animals (unfasted) contained significantly greater amounts of glycogen and 
fat than the livers of rats which received a diet high in fat and protein. 
Thus, while the decreased to'erance could not be related to a loss of ability 
by the fatty liver to store glycogen, it was suggested that the excessive lipid 
material present may have affected the rate at which the glycogen was 
stored and removed. MacLean, Ridout, and Best (3) have found that 
there was less glycogen stored in very fatty livers than in the livers of 
choline-fed animals when a certain quantity of sugar was absorbed. 

In the present communication we are reporting the results of experiments 
designed to throw additional light on the relationship of liver glycogen and 
fat to glucose tolerance in animals with fatty livers. In Series A, the 
changes in the levels of glycogen and total lipids in the livers of male rats 
have been followed during fasting anc after the administration of a standard 
dose of glucose. The observed changes in the level of glvcogen have been 
taken as a measure of the rate of deposition and removal. In Series B, the 
observations were repeated on unfasted females and females fasted 24 hours. 
The effect of three hourly doses of ghicose on the liver glycogen was also 


determined. 
Procedure 


The experimental animals of Series A were male rats of the Wistar strain 
obtained from a commercial source. In Series B, female rats of the strain 
maintained at the Scripps Metabolic Clinic’ were used. For 1 week after 
arrival in the laboratory the animals received Purina dog chow and dis- 
tilled water ad libitum. ‘The initial weight of the males averaged 123 gm. 
with a range of 110 to 140 gm. The females averaged 151 gm., with a 
range of 130 to 170 gm. During the experimental periods all animals of 
each series received daily the same amount of the diets as was ingested by 
the rat having the lowest food intake the previous day. This procedure 
was adopted to secure a more constant fat and glycogen content of the liver 


' We are indebted to Eaton M. MacKay for the gift of these animals. 
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at the start of the fasting periods. Diet 1 contained 5 per cent casein and 
48 per cent cerelose? Diet 2, 30 per cent casein and 23 per cent cerelose: 
Diet 5, 5 per cent casein, | per cent choline, and 47 per cent cerelose. Aj 
three diets contained 2 per cent agar, 5 per cent salt mixture (4), and 40 per 
cent lard. Each animal received | dried yeast pill (389 mg.) and 2 drops of 
cod liver oil per day. The room temperature was maintained between the 
limits of 23° and 27°. 

Fasting and Glucose Administration—To obtain comparable feeding 
habits and to determine more accurately the start of the fasting periods, the 
food cups were removed from the cages between 2.00 and 2.30 p.m. and 
returned between 4.00 and 4.30 p.m. On the day the fasting periods com. 
menced the cups were not returned to the cages and 4.00 p.m. was consid. 
ered the start of the fast. In Series A, a single dose of glucose (3.5 gm. per 
kilo) was given at the end of the 24 hour fast. In Series B, animals fasted 
24 hours received three of the standard doses | hour apart and were saeri- 
ficed at the end of the 3rd hour. The glucose was administered as described 
by Cori (5) and the completeness of absorption checked according to the 
directions of Deuel ef al. (6). In view of the recent findings of MacKay and 
Clark (7) that the volume in which glucose is administered may influence 
the rate of absorption, the sugar was given in a total volume of 2 ce. 

Liver Glycogen and Lipids—The livers were removed from the animals 
under sodium amytal anesthesia and frozen with carbon dioxide snow. 
The frozen tissue was reduced to a powder with a crushing machine and 
transferred to a tared flask containing hot 30 per cent potassium hydroxide. 
The methods for the determination of glycogen and total lipids (fatty acids 
plus non-saponifiable material of the ‘iver) were the same as were previ- 
ously employed (2). Apparent differences were tested for significance by 
the ¢ method of Fisher (8). 


Results 


Series A—The liver glycogen and lipid values in the unfasted controls 
and after 12, 24, and 36 hours of fasting are given in Table |. The differ- 
ence in glycogen levels in the unfasted animals on the two diets is of the 
same order as was found previously (2). Statistical evaluation of this 
difference indicates that the possibility of its being due to chance is 1 in 8, 
After 12 hours of fasting, the glycogen has dropped 88 per cent in the fatty 
livers and 54 per cent in the normal livers. The livers of the animals on 
Diet 2 now contain greater amounts of glycogen than the livers of those on 
Diet 1. The values for the 24 and 36 hour periods indicate a reduced rate 
of removal when compared to that during the first 12 hours of fasting. 
Moreover, the rate of removal during these periods is of the same order of 


? Generously supplied by the Corn Products Refining Company, New York. 
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magnitude in both dietary groups. Thus, at the end of 24 and 36 hours of 
fasting the livers of animals on Diet 2 contain levels of glycogen signifi- 
cantly higher than those of the rats on Diet 1. 

The livers of the animals receiving Diet 1 contained the expected high 
levels of fat, while those on Diet 2 are within the normal range. Statistical 
analysis of the data shows that there was no significant change in the liver 
lipids in either dietary group during the 36 hour fast. 


Taste I 
Series A, Glycogen and Lipids in Livers of Fasted Male Rats 
The animals received the diets for 26 days. The liver data are calculated on the 
basis of 100 gm. of body weight. 


Diet No. | No. of rats Difference | "value for | Total lipid 
ars | | om. 

on | | | 1.03 
 £0.081 | | |  +0.211 
2 ’ 5 0 0.072 | 0.100 3.02 3.36 | 0.170 
| £0.011 | | +0.033 
7 | «12 (0.00 | | 1.592 
| | +0. 308 

2 7 0.083 | 0.013 | 3.58 | 3.06 0.156 
 £0.002 | | | 

1 8 “4 | 0.017 | | 1.214 
| | | +0. 361 

2 7 a4 0.029 | 0.012 | 4.72 | 3.08 | 0.191 
| +0.001 | ! +0.004 
1 7 (0.009 | | | 0.752 
0.002 | | +0. 220 
36 0.017 | 0.008 3.12 | 3.06 0.128 

+0. 002 | 


+0018 


* Including the standard error of the mean calculated as follows: 

V 
* Based on a P value of 0.01 (chances of difference in result being due to errors in 
sampling | in 100). 


The animals fasted 24 hours served as controls for the experiments on 
glucose feeding and are included in Table Il, which summarizes the data 
obtained when glucose was administered to rats on Diets | and 2 fasted 24 
hours. The administered glucose was completely absorbed in 3 hours in 
both groups. 3 hours after the administration of 3.5 gm. of glucose per 
kilo the animals on Diet 2 had a higher liver glycogen than those on Diet 1. 
The difference after 3 hours was not a carrv-over from the control values, 
for the 0.073 gm. increase in the former is significantly greater than the 
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0.049 gm. increase in the latter. The animals on Diet 2 maintain their high 
level through 6 hours. The 12 hour value shows a slight decrease from that 
of 6 hours and after 24 hours a further decrease has occurred. However, 
the 24 hour value is significantly higher than the control value. In con- 
trast to those on Diet 2, the rats on Diet 1 show a 42 per cent drop in liver 
glycogen in the second 3 hours following glucose administration, and in 24 


Il 
Series A, Glycogen and Lipids in Livers of Glucose-Fed Male Rats 


The animals received the diets for 26 days. After a 24 hour fast, glucose (3.5 
gm. per kilo) was administered by stomach tube and the animals sacrificed after the 
time intervals shown in the third column. The liver data are calculated on the basis 
of 100 gm. of body weight. 


= 


| 


Diet No. of Difference Value for Total lipid 
| Ars. cm om. om. 

Re 0 0.017 1.214 

+0 .002 +0 361 

(0) .029 0.012 4.72 3.01 

| | +0.001 +0004 

| +0.005 +0. 

2 Su-3 3 0.102 0.036 3.99 2.08 0.134 

+0. 004 +0. 007 

l s | 6 0.038 1.643 

| +0.006 +0. 300 

098 0.060 6.75 OS 0.115 

| +0.003 +0 006 

0.027 1 539 

| | +0.004 +0 280 

2 12 0.083 0.056 7.97 2.08 

| | +0.004 +0004 

| | 7 | 24 0.023 0 614 

| +0.005 +0. 131 

2 7 24 0.053 0.030 3.77 +06 


hours the level has returned to the control value. 


+0) 005 


Throughout the period 


+0 0068 


under study there were greater amounts of glycogen in the livers of the 
animals on Diet 2 than in the livers of those on Diet 1. 


Series B—The studies on females are summarized in Table II]. The un- 


fasted animals on Diets 1 and 2 exhibit the same differences in liver glycogen 
and lipids as the males. The level of glycogen in both dietary groups is 
lower than was found inthe males. Thisis probably due to the sex difference 
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described by Deuel and Davis (1). 1 hour after the administration of three 
hourly doses of glucose there was no significant difference in the liver gly- 
cogen of the females on the two diets. In the animals on Diet 5 the liver 
lipids were normal and the glycogen was at the same level as was found in 
the group receiving 5 per cent protein but no choline. 


Ill 


Series B, Glycogen and Lipids in Livers of Unfasted, Fasted, and Glucose-Fed Female ° 


Rats 


The rats received the diets for 35 days. The glucose-fed animals, after a 24 hour 
fast, were given three hourly doses of glucose (3.5 gm. per kilo) and sacrificed at the 
end of the 3rd hour. The liver data are caleulated on the basis of 100 gm. of body 
weight. 


Significant | 


Diet No. Treatment | Diflerence! value for Total lipid 
7 Unfasted O11 | 1.514 
+0012 | 288 

2 ? “ 0.064 OOf7 3.09 3.06 | 0.225 
+0009 | +0.028 

5 7 0.103 0.039 3.20 3.06 0.145 
+0. 008 +0 .006 

8 Fasted | 0.008 | 1.729 
+0 001 |  +0.309 

9 “ 0.010 0.002 1.11 | 2.98 | 0.238 
+0.002 | | £0.021 

7 Glucose | 0.086 1.376 
+0. 020 0.240 

2 s ee 0.060 0.026 1.0 | 3.01 | 0.188 


+0018 |  +0.018 


* Difference between Diets 2 and 5. 


DISCUSSION 


These results offer some explanation for our previous findings. In the 
animals with fatty livers, the rapid drop in liver glycogen to low levels dur- 
ing a 12 hour fast indicates an increased rate of glycogenolysis. The high 
fasting blood sugar (2) in these animals may thus be explained as due to the 
increased rate of glycogenolysis during fasting. 

In the rats on Diet | the administration of a standard dose of glucose 
produced an increase in liver glycogen, but the rate of deposition was less 
than in the animals on Diet 2. From the 3rd through the 24th hour follow- 
ing glucose administration, there was a gradual decrease in glycogen to the 
control value in the rats with fatty livers. This was in contrast to those on 
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Diet 2 in which there was a plateau from the 3rd to the 6th hour, followed 
by a gradual decrease but with the 24 hour level significantly above the 
control value. The slower rate of glycogenesis in the livers of the rats on 
Diet | is also in accord with our previous findings of a decreased tolerance 
in these animals. 

It is evident from the data on females that the higher level of liver glyeo- 
gen found in males receiving a diet high in fat and low in protein and 
lipotropic factors is also present in females ingesting such a diet. Inasmuch 
as the above relationship has now been found in four experiments, it may 
be considered an established characteristic of these animals. From a com- 
parison of the animals on Diets 1, 2, and 5 it may be concluded that the 
high liver fat does not influence the level of liver glvcogen. This confirms 
our previous findings (2). When the females on Diets | and 2 were fasted 
24 hours and then flooded with glucose for a 3 hour period, there was no 
difference in the level of the liver glycogen in the two groups. It appears 
that in the presence of sufficient glucose over a period of time, the animals 
on Diet 1 can deposit as much glycogen as those on Diet 2. A point re- 
quiring further study is the absence of a significant difference between the 
females on Diets | and 2 after a 24 hour fast. 

Newburgh and Conn (9) have suggested that an abnormal! accumulation 
of fat in the liver of obese diabetic patients interferes with the liver'’s 
capacity to store glycogen at the normal rate. Our findings appear to be 
in line with this suggestion. However, we are not convinced that the above 
theory adequately explains the phenomena under study. First, the rapid 
removal of glycogen from the fatty liver during fasting is difficult to explain 
simply on the basis of the presence of an abnormal amount of fat in the 
liver. Secondly, in the animals receiving glucose, after the peak of glyco- 
gen deposition was reached there was a relatively rapid removal. This was 
in contrast to the normal animals in which there was a plateau in the level 
of liver glycogen followed by a slow rate of removal during the ensuing 18 
hours. Thirdly, in the unfasted animals, the glycogen level was not influ- 
enced by the amount of fat in the liver. We interpret the data obtained 
thus far as indicating that the large amounts of lipids in the livers of 
animals receiving Diet 1 have no influence on the capacity of the liver to 
metabolize carbohydrates. The observed changes in liver glycogen may 
reflect an increased demand for glucose by other tissues. Possible causes 
of an increased demand for carbohydrates are, first, an inadequate supply 
of ‘“‘stored”’ protein for catabolism (10), and, secondly, changes in normal 
carbohydrate metabolism which are related to the deficient intake of pro- 
tein and lipotropic factors. 

Evidence is being accumulated in this laboratory which indicates that, 
in animals receiving a diet low in protein and choline, there sre fundamental 
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changes in metabolism which cannot be attributed solely to a lack of lipo- 
tropic factors. 


SUMMARY 


1. In unfasted male and female rats receiving g diet high in fat and low in 
protein and lipotropic factors, the livers contained significantly greater 
amounts of glvcogen and lipids than the livers of those on a diet high in fat 
and protem. The level of the liver glycogen was independent of the 
amount of fat in the liver. 

2. The animals having fatty livers exhibited an increased rate of glyco- 
genolysis during fasting and a decreased glycogenesis following a standard 
dose of glucose. 

3. There was no change in the total lipids of the liver during a 36 hour 
fast. 
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THE ASSAY OF ANIMAL TISSUES FOR RESPIRATORY ENZYMES 
Il. SUCCINIC DEHYDROGENASE AND CYTOCHROME OXIDASE* 


By W. ©. SCHNEIDER ano V. R. POTTER 


(From the McArdle Memorial Laboratory, Medical School, University of Wisconsin, 
Madison) 


(Received for publication, April 2, 1943) 


Until methods for the assay of animal tissues for specific respiratory 
enzymes have been developed, the brilliant and fundamental researches 
of Warburg, Meyerhof, Cori, and others cannot be applied to the various 
aspects of metabolism. By means of the homogenization technique of 
Potter and Elvehjem (2), it is possible to disperse cellular components so 
widely that endogenous respiration is virtually stopped due to dilution 
effects (2), after which particular phases of metabolism may be restored 
by the addition of the appropriate substrates and soluble cofactors.' 
The goal is to isolate a particular reaction and, by so doing, to determine 
quantitatively the specific enzyme which catalyzes the reaction, rather than 
to effect a partial isolation of the enzymes by means of fractionations in 
which the over-all vield is never determined. In the case of the respiratory 
enzymes, the situation is complicated by the fact that the reaction occurs 
through the mediation of a series of enzymes, all of which are necessary to 
obtain oxygen uptake. 

We have previously presented a method for the quantitative determina- 
tion of cytochrome c (1) in animal tissues. It was possible in that instance 
to express the results on an absolute basis; 7.¢., in gm. or moles per unit of 
tissue. In the case of most of the respiratory enzymes, there is no way of 
expressing the results on an absolute basis, since the measurement is in 
terms of catalytic effect, and the results must be expressed in the same 
terms, since no standards are available for comparison. However, by 
expressing the results in terms of the conventional Qo,, one may compare 
the results directly with measurements made on tissue slices. This cannot 
be done when succinic dehydrogenase is measured by the methylene blue 
technique (3). 


* This work was aided by the Jonathan Bowman Fund for Cancer Research. 

The paper on the quantitative determination of cytochrome c (1) will be considered 
as Paper I of this series. Preliminary experiments on coenzyme I-cytochrome re- 
ductase as well as the coenzyme I requiring dehydrogenases have been carried out. 

' The wide-spread application of the homogenization technique without due regard 
for the nature of the homogenate makes it necessary to emphasize here that in all 
systems known to involve soluble cofactors the dilution and destruction of these 
factors must be taken into account. 
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The present paper involves the assay for two enzymes, succinic dehydro- 
genase and cytochrome oxidase. They are studied together because it is 
necessary to prove that when succinate is being oxidized by a tissue homo- 
genate in the presence of excess cytochrome c, the limiting factor is succinic 
dehydrogenase. If this is true, the Qo, is the measure of succinic dehydro- 
genase; but it is only true if cytochrome c and cytochrome oxidase are 
present in excess. That cytochrome c is present in excess can be assured 
by preparing the pure compound and adding an amount such that addi- 
tional cytochrome c does not increase the rate of oxygen uptake. In the 
case of cytochrome oxidase, however, an assay for this enzyme must be 
devised and applied to every tissue in which succinic dehydrogenase is 
measured. Although a number of methods for assaying cytochrome 
oxidase have been published, they have all depended upon the fact that 
eytochrome c can be reduced directly (7.¢., non-enzymatically) by certain 
more or less autoxidizable compounds. The test consists of adding suffi- 
cient reducer and cytochrome c to keep the oxidase saturated with reduced 
cevtochrome c. Previous investigators, in attempts to measure oxidase 
activity, used hydroquinone (4-6) and p-phenylenediamine (6, 7) to reduce 
eytochrome c, while cysteine (6) and ascorbic acid (8) were also indicated 
as possible reducing agents for cytochrome c. 

The assay is complicated by the fact that the preparation of the tissue 
affects the results considerably. Any method of preparing extracts which 
fails to establish the relation between the tissue and the extract may be 
eliminated at the start. On the other hand the technique of homogeniza- 
tion has a profound effect upon the results, since we obtained the remark- 
able result that only those cells which are broken contribute to the rate 
of oxygen uptake in the cytochrome oxidase system. Since the per cent 
of whole cells in a homogenate depends upon the homogenizing technique, 
it is important to be able to control this factor. 


EXPERIMENTAL 
Materials and Methods 


All experimental and assay work was carried out with a conventional 
Warburg apparatus at 38°. 

Tissue Preparation—The tissue was prepared by homogenizing (2) in 
m/30 phosphate buffer at pH 7.4 or in distilled water. 

Cytochrome c—This was prepared from fresh beef hearts as described by 
Keilin and Hartree (9) except that it was dialyzed against redistilled water 
instead of 1 per cent NaCl (3). 


-» Substrates—Sodium succinate was prepared as described in a previous 


report (10). Hydroquinone (Merck's) was purified by sublimation be- 
tween watch-glasses. Eastman’s d-isoascorbic acid and Merck's ascorbic 
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acid and cysteine hydrochloride were used as such without further treat- 
ment. 

Semicarbazide H ydrochloride— Merck's semicarbazide hydrochloride was 
recrystallized by dissolving it in the minimal amount of hot water, adding 
2 to 3 volumes of ethy! alcohol, and allowing the mixture to stand in the 
cold until crystallization was complete. The product was washed with 
alcohol and dried in air. 

Metal lon Solutions—Calcium and aluminum ion solutions were prepared 
from reagent chemicals at a strength of 4 X 10-* M. 

Whole Cell Preparations— Rat liver was forced through cheese-cloth and 
then through bolting silk. The resulting mass of tissue was made up to a 
1:10 suspension with M/30 phosphate buffer, pH 7.4. The whole cells 
were separated and washed several times by centrifuging the suspension 
for 1 minute at 800 R.PM. 

Cell-Free Preparation—\ 10 per cent homogenate was centrifuged for 5 
minutes at 2000 r.p.m. The residue was made up to the original volume 
and recentrifuged as before. The combined supernatants were centrifuged 
under the same conditions to clear out any traces of cells or nuclei. 


Succtnoxidase System 


pill —The effect of pH was determined by using various mixtures of 0.1 mM 
NaH,PO,and 0.1 mM NaglTPO, in place of the usual phosphate buffer at pH 7.4. 
The latter served as acontrol. After the oxygen uptakes were measured, the 
contents of duplicate flasks were mixed and the pH determined electro- 
metrically. The results of such an experiment are given in Table I; they 
indicate that the succinoxidase pH optimum range is from 7.5 to 7.7 and 
that the activity observed with the usual phosphate buffer at pH 7.4 was 
the same as that given by the phosphate mixtures in the optimum pH 
range. 

Phosphate Concentration—There was little difference in the activity in 
the range of phosphate concentrations of 0.0201 to 0.0469 mM. A slight loss 
in activity occurred, however, at a phosphate concentration of 0.0067 M. 
These results are summarized in Table I. 

Succinate Concentration—Experiments on succinate concentration by 
Mr. K. P. DuBois yielded the results given in Table I. The optimum 
succinate concentration range was from 0.033 to 0.067 M. 

Cytochrome c Concentration —The effect of cytochrome c¢ concentration 
on the succinoxidase system was reported previously (3). Those experi- 
ments were conducted at 20°, however, and in the absence of calcium and 
aluminum ions. Changing the temperature to 38° and adding these ions 
had no effect on the amount of cytochrome c needed to saturate the system 
(see Table I and (3)). 

Metal lon Effects Although the need for the various components has 
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been demonstrated previously (3, 10), it is no longer necessary to assume 
that calcium and aluminum ions are components of the succinoxidase 
system, since alternate and more likely explanations of their action are 
now available. Both ions appear to act as specific anti-inhibitors rather 
than directly as activators of the succinoxidase system. Swingle et al. (11) 
have obtained evidence that calcium activates coenzyme I nucleotidase or 
some similar enzyme. According to these workers, calcium hastens the 
complete destruction of the coenzyme I in the liver homogenate. Unless 
the coenzyme | is completely destroyed, traces of oxalacetate will be 


Taste I 
Optimum Conditions for Succinoridase and Cytochrome Oxidase Systems 

Each of the components was varied independently of the other components in the 
system; t.e., all other components were at optimum levels while one component 
was varied. The values of the figures given under the various columns are as fol. 
lows: succinate, mM X 10°; phosphate and ascorbate, 10°; cytochrome c, xX 10 
10 mg. of fresh liver were used throughout the succinoxidase system. 5 mg. were 
used in the cytochrome oxidase system except where indicated. Qo, is the c.mm. of 
Os taken up per hour per mg. of dry tissue. 


Succinoxidase system Cytochrome oxn‘ase system 
0.8 139.0'6.08 (23.3 67 00 11) 3.8 160 5.6" 
1.7 |82.5) 6.35 20.1 107) 0.33 66.3) 24 9) 76 246 10 304 
3.3 198.5) 6.83 4.5 158) 11.4 240) 1.5 | 43.2 
5.0 198.5) 7.34 33.5 107 1.67 78.6 64 170, 15.2 253 2.0 | 56.0 
6.7 |96.5| 7.50 |77.2, 40.2 105) 2.00 $0.8 7 7.2 184 19.0 228 25 67.9 
10.0 |79.5) 7.65 (78.5) 46.9 105 3.33 (80.4) 8.0 188) 22.8 253 
15.0 [52.0] 8.32 10.00 |86.0 8.8 190, 


* O, uptake resulting from extrapolation of other values to zero tissue concentm- 
tion. 
t Control flask containing 1.0 ml. of 0.1 « phosphate buffer, pH 7.4. 


formed as soon as succinate is oxidized to fumarate. Only traces of 
oxalacetate are required to inhibit succinic dehydrogenase. Thus, the 
calcium affects the reaction between succinate and the dehydrogenase (10) 
but in a very indirect manner, probably by preventing the formation of 
oxalacetate. The action of aluminum likewise may be indirect. The 
apparent dilution effect which was corrected by adding aluminum ions to 
an otherwise complete system (10) can also be explained in terms of an 
anti-inhibitor effect on the basis of the following facts. If the observed 
rate is plotted against the enzyme concentration, a straight line results 
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which intersects the enzyme scale instead of passing through the origin 
(Fig. 1, B, Ca** curve). It is as if a small amount of heavy metal impurity 
reacted stoichiometrically with a small portion of the enzyme. The effect 
is more noticeable with smaller amounts of enzyme’ and gives the impres- 
sion of a dilution effect when Qo, is plotted against enzyme concentration 
(Fig. 1, A, Ca** curve). A true dilution effect will not yield a straight 
line when the observed rate is plotted against the enzyme concentration 
(2), as was done in Fig. 1, B, Ca** curve. The addition of aluminum 
appears to prevent the toxic action, and the straight line now intersects 
the origin (Fig. 1, B, Ca*t* + Al*** curve). It is possible that the in- 
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Fic. |. lon effects in the succinoxidase system. Curves plotted from data in (10) 
to show that the lowered activity due to lack of aluminum is not a true dilution 
eflect. See the text. Each point is the average of twelve manometric determina- 
tions. Experimental details are given in (10), Table I. 


hibitor is a metal ion, since the marked autoxidation of ascorbic acid in 
phosphate buffer is greatly diminished by adding aluminum ions. 

Tissue Concentrations—The dilution effect previously demonstrated in 
the succinoxidase system (10) was shown to be eliminated by the use of 


* Axelrod, Swingle, and Elvehjem (12) reported that they did not observe the alu- 
minum effect in their experiments with succinoxidase. They used 40 mg. of tissue 
per flask, since the larger value for V¢ in the Barcroft apparatus requires the use of 
larger amounts of tissue in order to get manometric displacements of sufficient 
magnitude. Fig. 1, A plainly shows that the aluminum effect is most noticeable at 
levels too small to be used in their apparatus, while extrapolation of our curve to 40 
mg. would result in an absence of aluminum effect, in agreement with their result. 


he 
nt 
ol 
re 
of 
q 
6" 
LA 
‘ | 
2 
0 
9 | : 

| 


222 RESPIRATORY ENZYMES IN TISSUES. TI 


aluminum ions plus calcium ions. That is, under the preseribed condi. 
tions, the oxygen uptake is proportional to the tissue concentration. One 
has only to choose the amount of tissue which will give the most accurately 
measured rate of oxygen uptake. 


Cytochrome Oxidase System 


Conditions in the cytochrome oxidase system were kept as nearly like 
those of the succinoxidase system as possible; that is, the same temperature, 
phosphate concentration, and pH] were used as in the succinoxidase system, 
However, the cytochrome ¢ concentration had to be increased considerably, 
as will be shown below. 

Substrates—-Hydroquinone, p-phenyvlenediamine, ascorbic acid, and 
cysteine were used as substrates for the oxidase. The p-phenyvlenediamine 
was completely unsatisfactory because the rates of oxygen uptake fell off 
rapidly. If hydroquinone is used, it is necessary to use semicarbazide in 
a final concentration of 0.1 M in order to get linear rates of oxygen uptake 
for at least 20 minutes (cf. (5)). When such a system was used, lower rates 
of oxygen uptake (Qo, = 197) were observed than when ascorbic acid was 
used as a substrate (Qo, = 277). This lower rate might be ascribed to 
inhibition by the semicarbazide or to an alternate oxidative pathway in the 
case of ascorbic acid. That the lower rate is not due to inhibition by the 
semicarbazide is shown by the fact that identical rates are obtained in 
the first 5 minutes after hydroquinone has been added in the presence or 
absence of semicarbazide. From a consideration of oxidation-reduction 
potentials, an alternate oxidative pathway is unlikely in the case of either 
hydroquinone or ascorbic acid, whereas such a pathway might easily be 
involved in the oxidation of cysteine or p-phenylenediamine. That any 
alternate path in the case of the oxidation of ascorbic acid must be very 
small is indicated by the rate in the absence of added cytochrome c, which 
is about the same as the rate of autoxidation. Cysteine was found to be 
unsuitable because it is unable to reduce cytochrome c rapidly enough te 
keep the oxidase saturated with reduced cytochrome c. Ascorbic acid on 
the other hand reduced cytochrome ¢ rapidly, and gave linear rates of 
oxygen uptake. In addition it had a low rate of autoxidation and its 
end-products do not affect the reaction. 

The effect of ascorbic acid concentration is given in Table [; there & 
little difference in the activities in the ascorbate concentration range of 
0.0076 to 0.0228 . 

Cytochrome c Concentration— Table 1 shows the effect of cytochrome ¢ 
concentration on the succinoxidase and the cytochrome oxidase systems, 
There are two points of interest, (a) the oxidase requires much more 
cytochrome c for saturation than does the succinoxidase system, and (6) 
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the oxidase operates at a much slower rate at a cytochrome c concentration 
known to approximate the physiological level in the intact liver cell (3) 
than does the succinoxidase system. Potter? has shown that a rat liver 
homogenate is not homogeneous in composition and that a partial separa- 
tion of whole cells from cytoplasm fractions can be effected. Table II 
shows the results of using partially separated whole cell and cytoplasm 
preparations in the succinoxidase and the cytochrome oxidase systems. 
In the absence of added cytochrome c, there is a large oxygen uptake in the 
whole cell preparation with succinate as substrate, while there is practically 
no uptake with the ascorbate as substrate. This indicates that the 
succinate diffuses into the cells, whereas the ascorbate does not. This is 


Taste Il 
Effect of Added Cytochrome ¢ on Succinoxidase (Succinate) and Cytochrome Oxidase 
(Ascorbate) Activities of Whole Cell and Cell-Free Liver Preparations and 
on Activities of Liver Homogenized in Isotonic Phosphate and in Water 


All ascorbate and succinate values are given as ¢.mm. of O; per 10 minutes. 


Whole cell Cell-free Tissue homogenized 
) ate preparation preparation in «/30 phosphate in H 
chrome « 
(in On On On 
succinate ascorbate succinate ascorbate succinate ascorbate succinate ascorbate 
x | | 
0 19.6 3.7 | 12.5 5.8 14.0 30 90 | 26 
1.0 31.6 25.7 | | 
2.0 83.5 17.3 | 42.3 | 06 | 44.8 2.0 42.5 | 29.0 
3.0 48.2 53.4 | | 
4.0 8.0 2.9 4.5 | 644 458 494 44.8 | 50.2 
0° 81.0 6.1 | 38.6); 6.1 


*40 mg. of fresh liver were used in this experiment; 10 mg. of fresh liver were 
used in all the other experiments on tissues homogenized in water and phosphate. 


further borne out by the cytoplasm data. In the absence of added cyto- 
chrome c, the succinate uptake is markedly reduced; this is what one would 
expect if fewer whole cells were p.esent into which the succinate could 
diffuse. It also takes much less cytochrome c to get the oxidase to operate 
at a more rapid rate than the succinoxidase system in the cytoplasm prep- 
aration than in the whole cell preparation. The question arises as to how 
one can improve the homogenization technique so as to remove the whole 
cells more completely. Recent work by Elliott and Libet (13) indicated 
that this end might be reached by homogenization in distilled water. 
Table II shows that this procedure certainly produces a marked difference 
in the succinoxidase activities in the absence of cytochrome c (this is espe- 


* Unpublished experiments. 
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cially apparent when 40 mg. of tissue were used), indicating that the per. 
centage of cells disrupted in the water treatment is much greater than when 
the tissue was homogenized in isotonic phosphate. That there is little 
loss in activity during homogenization in water is shown by the fact that 
both homogenates have essentially the same succmnoxidase activities in 
the presence of excess added cytochrome c. The fact that succinate can 
diffuse into intact cells suggests a method for determining the proportion 
of whole cells present. If the succinoxidase activities are determined in 
the absence of added cytochrome ¢ and in the presence of excess added 
evytochrome c, the ratio of these two values should be a measure of the in- 
tact cells present, since only the intact cells contribute to the oxygen uptake 
in the absence of added cytochrome cc. This was the method which was 
actually used to correct the observed cytochrome oxidase activities for the 
degree of homogenization. 

Tissue Concentration—That the rate of oxygen uptake is proportional 
to the tissue concentration is evident from Table I. If, however, the 
corresponding Qo, values are plotted against tissue concentration, an inverse 
dilution effect results (see also the data in (7)); that is, the Qo, is much 
higher at lower tissue concentrations than at higher tissue concentrations. 
If, now, we consider the uptake at zero tissue concentration (obtained by 
extrapolation of values obtained at three or more tissue concentrations) 
to be a measure of the ascorbate autoxidation and subtract this value from 
the uptake at all tissue levels, the Qo. values are constant and independent 
of tissue concentration. This procedure was employed in all assay work 
and proved highly successful. Qo, values determined in this way represent 
at least minimal values for the cytochrome oxidase system. It was also 
observed that apparent dilution effects sometimes resulted when extremely 
small amounts of homogenate were used, as in the case of the more active 
tissues, and that these effects could be corrected by the addition of AIC) 
just as in the succinoxidase system. The mechanism of action is probably 
also the same. 


Assay Methods and Results 


In the assay of various tissues for succinoxidase and cytochrome oxidase 
activities, two levels of tissue were used in the former and three in the 
latter. The autoxidation rate for the ascorbic acid was determined in- 
directly as described above. Experience showed that it was unnecessary 
to measure the oxygen uptake in the absence of succinate or ascorbate, since 
this was always found to be insignificant. Succinoxidase rates and cor- 
rected cytochrome oxidase rates were then converted to Qo, values and the 
values for the latter assay were also corrected for the degree of homogeniza- 
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tion of the tissue. The activities were determined simultaneously on each 
sample. A summary of the assay conditions used was as follows: 

Succinoxidase System—1.0 mil. of 0.1 mM phosphate buffer (pH 7.4), 0.4 
ml. of cytochrome c, 0.3 ml. of 4 Mm CaCh, 0.3 ml. of 4 
10° uw AlCl, 0.3 ml. of 0.5 mM sodium succinate (pH 7.4), the desired amount 
of tissue, and water to make 3.0 ml. were used; 0.2 ml. of 2 nN NaOH was 
placed in the center cup. Two levels of tissue were assayed, with the 
higher level also tested in the absence of added cytochrome c. 

Cytochrome Oxidase System-—1.0 ml. of 0.1 M phosphate buffer (pH 7.4), 
1.0 ml. of 24 X 10-* mM eytochrome c, 0.3 ml. of 0.114 m ascorbic acid 
neutralized to pH 7.4 with NaOH, 0.3 ml. of 4 K 10-* mu AICh, the desired 
amount of tissue, and water to make 3.0 ml. were used; 0.2 ml. of 2 x 
NaOH was placed in the center cup. Three levels of tissue were tested. 

Glass-redistilled water was used throughout in both systems. It was 
possible with the technique described to assay for both enzymes with six 
manometers per tissue sample. 

A large variety of tissues has been assayed for succinic dehydrogenase 
and cytochrome oxidase activity. These results were reported in detail 
elsewhere in connection with a survey of cancer tissues (14). A summary 
of these results as well as those of other authors is presented in Table III 
for purposes of comparison. It is evident that our Qo, values are consid- 
erably higher than those of previous workers, with the exception of those 
of Axelrod ef al. This similarity in results is difficult to explain in the 
ease of the values with cytochrome oxidase, since these authors used hydro- 
quinone as a substrate and we consistently found that hydroquinone gave 
lower activities than did ascorbic acid. A possible explanation may lie in 
the nutritional state of the two groups of animals or in the age of the ani- 
mals, since we have been able to show that the cytochrome oxidase activity 
is considerably higher in voung rats than it is in adult rats (unpublished 
experiments). 

The succinoxidase test system as described in this paper has already been 
widely applied in other biological studies. Among these might be men- 
tioned the study of the succinoxidase system in riboflavin-deficient rats 
(12, 16) and the effect of inhibitors on the succinoxidase system (17, 18). 
A recent study (19) in which this technique was used showed that the 
succinoxidase activity was considerably increased in the muscles of vita- 
min b-deficient animals, and that this enhanced activity could be reduced 
to the normal range by the addition of a-tocopherol phosphate to the 
system. The demonstration of this effect of vitamin E on the succinoxi- 
dase system poses the question as to whether the activities as measured in 
normal tissues are limited by the vitamin FE content of the tissues studied. 
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but on the basis of calculations on the tocopherol content of cattle musele 
(20) it seems likely that the concentrations used by Houchin (19) to obtain 


Taste Ill 
Succinoridase and Cytochrome Oxidase Activities of Rat Tissues 


All results are reported as Qo, values; i.e., as ¢.mm. of O, taken up per hour per 
mg. of dry tissue. 


Succinoxidase VO» Cytochrome oxidase 
Tissue 
From From ' From From From From From 
(77° | (79° (12)9 at 
Heart 219 62 O74 1699 56 97 255 20 
(197- (693- (1405- 
250) 1170) 1870) 
Kidney 19 112 605 288 47146 
(511- (663- 
226 ) 5S5) 725) 
Liver 87.7 66 302 479 17 107 
(76.5- (78— (281 (347- (348- 
101) OS) 51s) 586) 480) 
Brain 48.7 IS 41 476 134 35 
(4i- (306- (348- 
64.1) 5s4) 654) 
Skeletal 35.5 6.6 271 3s 23 
muscle (29.2- (110- (171- 
48.7) 274) 372) 
Spleen 23.3 0.5 195 222 32 16 46.2 
(19.4- | (158- (178- 
35.3) 317) 374) 
Lung 17.9 7.5 9723 109 31 13 
(15.0- (70.6- (83.0- 
_ 21.6) 114) 129) | 
Jensen sar- 17.8 13 129 145 43 10.2 
coma (15.3- (106- (121- 
| 21.1) 170) 192) 


* Succinate and p-phenylenediamine substrates; homogenization. The figures in 
parentheses in the headings refer to the bibliography 

t Succinate and hydroquinone substrates; homogenization. Semicarbazide quin- 
one fixation. 

t The results in this column were obtained by correcting for the degree of homo- 
genization of the tissues. 

§ Hydroquinone substrate; extraction by dialysis for 10 to 15 hours 

'| Hydroquinone substrate; homogenization. Semicarbazide quinone fixation. 

© p-Phenylenediamine substrate; homogenization and extraction. These re- 
sults were converted to Qo, values by using our dry weight determinations. 


an effect on the succinoxidase system were considerably above those which 
would occur in the succinoxidase assay. 
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SUMMARY 


1. The optimum succinate, cytochrome c, phosphate, and hydrogen ion 
concentrations for the succinoxidase system and the optimum ascorbic 
acid and cytochrome ¢ concentrations for the cytochrome oxidase system 
are reported. | 

2. Calcium and aluminum ions are necessary for maximum activity in 
the succinoxidase system; aluminum ions were found to be necessary for 
the cytochrome oxidase system. The action in both cases is probably 
indirect. 

3. The cytochrome oxidase assay was shown to be limited by the com- 
pleteness of the disruption of the tissue cells; a method is described for the 
correction of the observed cytochrome oxidase activity for the degree of 
homogenization of the tissue. 

4. A method is described for correction of the cytochrome oxidase oxy- 
gen uptake rates for the autoxidation of the ascorbic acid. 

5. The heart, kidney, liver, brain, skeletal muscle, spleen, and lungs of 
the rat were assayed for succinic dehydrogenase and cytochrome oxidase 
activities. 
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THE RELATIONSHIP OF ACETOIN TO METABOLIC 
ACETYLATIONS 


By E. A. DOISY, Jr., ann W. W. WESTERFELD 
(From the Department of Biological Chemistry, Harvard Medical School, Boston) 


(Received for publication, April 26, 1943) 


The metabolic acetylation of amino groups is a well known ‘‘detoxifica- 
tion’ reaction (1, 2). Aromatic amines, such as p-aminobenzoic acid 
(3, 4) and sulfanilamide (5), are readily acetylated by rabbits and humans, 
while the acetylation of the aliphatic amino group in phenylaminobutyric 
acid has been observed in dogs (6) and rats (7). The amino group of 
eysteine is acetylated in the synthesis of mercapturic acids (8). Meta- 
bolic acetylations are not confined to amino groups, since the formation of 
acetylcholine is constantly taking place in nervous tissue (9-11). 

The nature of the acetylating agent, e.g. the substance furnishing the 
acety! group for these reactions, has not been established, but it has often 
been assumed to be acetate (12, 13). Studies of the effect of acetate ad- 
ministration on the acetylation reaction have led to conflicting results 
(13,14). Other studies have indicated that the acetylating agent is derived 
from carbohydrate (11, 15, 16), and that pyruvate is a probable precursor 
(11, 12, 17). Furthermore, it has been shown that the acetylation of 
choline is dependent upon an adequate supply of thiamine (18). In view 
of the fact that pyruvate is converted to acetoin by a diphosphothiamine 
enzyme in mammalian tissues (19), it seemed likely that acetoin also would 
be a precursor of the acetylatir , agent. 

Experimental studies have shown that acetoin and the related 2,3- 
butylene glycol increased the acetylation of p-aminobenzoic acid by 
rabbits. Acetate had little or no effect upon this reaction, and it is there- 
fore unlikely that the effect of acetoin and related compounds could be due 
to conversion to acetate. The most likely chain of events is represented in 
Fig. |, in which acetyl phosphate is believed to be the acetylating agent. 


EXPERIMENTAL 


Male rabbits weighing about 2 kilos were placed in metabolism cages and 
fed a diet of rabbit chow ad libitum. At intervals of once or twice per week, 
each rabbit was injected subcutaneously with | gm. of p-aminobenzoic acid 
as the sodium salt in 10 per cent solution. Urine was collected daily for 
48 hours under a small amount of toluene, and the total urine sample was 
diluted to 2 liters. An aliquot was further diluted 1:100; 30 cc. of this 
diluted solution were mixed with 5 ec. of 4 n HCl and diluted to 100 cc. 


| 
; 
| 
| | 
| 
| | 
A 
229 


230 EFFECT OF ACETOIN ON ACETYLATION 


Free p-aminobenzoic acid was determined colorimetrically on 10 ce. ali- 
quots of this solution. A 20 cc. aliquot was heated in boiling water for | 
hour, cooled, diluted to 25 cc., and the total p-aminobenzoic acid determined 
colorimetrically on 10 ce. aliquots. The difference between free and total 
p-aminobenzoic acid represented the acetylated form. The assumption 
that essentially all of this difference is due to acetylated p-aminobenzoic acid 
seems justified, since (a) this difference is actually a measure of the bound 
amino groups, and acetylation is the only known metabolic mechanism for 
blocking the amino group in this compound, and (+) the amounts of 
acetylated p-aminobenzoic acid previously isolated in similar experiments 
(15) are of the same magnitude as those found by colorimetric analysis, 

When repeated tests showed that a rabbit was acetylating a relatively 
constant percentage of the p-aminobenzoic acid, the effect of the adminis 
tration of various substances upon this acetylation reaction was studied. 
The test substance was injected subcutaneously as a 10 or 20 per cent solu- 
tion in three equal portions, the first one simultaneously with the | gm. of 


GLYCO. 


CHyCO-COOH ——» CHy CHON-CO-CHy CHy-COOn 
Preuvalte ace Tow acetate 


CHyCO-co- Ch yCOOPO 
omce rr. 


Fic. 1. Formation of the acetylating agent from carbohydrate 


p-aminobenzoic acid (but at a different site), and the other two following at 
intervals of 3 hours. Any change in the amount of p-aminobenzoic acid 
acetylated was attributed to the substance tested, provided this change 
was sufficiently large. This general procedure for studving the acetylation 
reaction has been widely used (15-17, 20). 

Determination of p-Aminobenzoic Acid—p-Aminobenzoic acid was de- 
termined by the colorimetric method developed for sulfanilamide by 
Bratton and Marshall (21). The diazotization of p-aminobenzoic acid 
and coupling with N-(1l-naphthylethyvlenediamine were carried out with 
the reagents and in the manner described for sulfanilamide. The purple- 
red azo dye so produced was read in an Evelyn photoelectric colorimeter 
with a 540 my filter. A 0.1 mg. per cent solution of p-aminobenzoic acid 
gave about 30 per cent as much transmission of light as a blank composed of 
the reagents alone. When log 7,//] was plotted against concentration, 4 
straight line was obtained. 

A 3-fold increase in the time allowed for the various reactions to take 
place had no effect on the amount of color obtained. 5 minutes were al- 
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lowed tor full development of the color after the addition of N-( l-naphthyl)- 
ethvlenediamine, and the color was then stable for at least | hour. Carry- 
ing out the reaction at 16° instead of room temperature (26°) gave incom- 
plete color development. To avoid errors due to possible fluctuations in 
temperature or unknown factors, a 0.1 mg. per cent standard of p-amino- 
benzoic acid was run simultaneously with all determinations. The acety- 
lated p-aminobenzoie acid gave no color in the reaction and had no effect on 
the development of color with free p-aminobenzoic acid. The presence of 
rabbit urine in an amount equivalent to that obtained in the experimental 
runs, t.<. | gm. of p-aminobenzoic acid in 200 to 400 cc. of urine, had no 
effect on the determination. 

Determination of Acetylated p-Aminobenzoic Acid — Acetylated p-amino- 
benzoic acid was determined as the difference between the free form and 
the total p-aminobhenzoic acid found after acid hydrolysis. Hydrolysis was 
effected by placing the acidified solution (5 ec. of 4 ~n HC! in 100 ee. of 
solution) in boiling water for | hour. Although these appeared to be the 
optimum conditions for hydrolysis, incomplete recoveries were usually ob- 
tained. Losses appeared to be due primarily to destruction of free p- 
aminobenzoic acid. 

Hydrolysis controls were run under the conditions encountered in the 
analvsis of the experimental rabbit urines. The amounts of free and 
acetylated p-aminobenzoic acid were varied, the total remaining fairly 
constant, and the proper amount of rabbit urine was added. The results 
are shown in Table I. Under these conditions, the loss by hydrolvsis re- 
mained fairly constant at 6 per cent of the total p-aminobenzoic acid. The 
values obtained on hydrolysis of the experimental urines were therefore 
divided by the factor 0.04 to obtain the correct amount of total p-amino- 
benzoic acid present. 


Results 


Complete protocols for some of the tests on acetoin and 2,3-butylene 
glycol are recorded in Table II in order to show the method of testing and 
the variations encountered. Considerable variation in the amount of p- 
aminobenzoic acid acetylated was often encountered in the first few injec- 
tions, but thereafter the rabbits acetylated a relatively constant percentage 
of the p-aminobenzoic acid. The results were discarded if a consistent 
base-line could not be established, or if the base-line changed appreciably 
after any test. 

The interval between injections had no apparent effect on the percentage 
of p-aminobenzoic acid acetylated. Rabbit 15 acetylated 37 to 42 per cent 
of the p-aminobenzoic acid for the five control tests preceding the testing of 
6 am. of 2.3-butvlene glycol and 36 to 37 per cent for the two controls fol- 
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lowing; during the glycol administration, the acet vlation rose to 55 per cent. 
Rabbit 17 acetylated 26 to 32 per cent for four control tests preceding the 
injection, 43 per cent during the injection of 3 gm. of 2,3-butylene glycol, 
and 34 to 35 per cent after the injection. Rabbit 11 showed somewhat 
more variation, but the responses to 2,3-butyvlene glycol and the second 
acetoin administration were considered positive. The response by Rabbit 
13 to the acetoin administration was not sufficiently large to be considered 
significant. 

The remainder of the acetoin tests, as well as the results obtained from 
the administration of sodium acetate, is summarized in Table IIL. Rabbits 


Taste I 


Loss of p-Aminobenzoic Acid (p-ABA) on Hydrolysis of Mixtures of Free and 
Acetylated p-Aminobenzoic Acid in Rabbit Urine 

The solution hydrolyzed consisted of the indicated amounts of free and acetylated 
p-aminobenzoic acid, 1 ec. of 4 x HCI, 0.6 ce. of 1:100 rabbit urine, and water toa 
total volume of 20 ce. After heating in boiling water for 1 hour, the solution was 
diluted to 25 cc. and analyzed. 

All concentrations are recorded in mg. per cent of free p-aminobenzoic acid in the 
final 25 cc. volume. 


Total ABA p-ABA loss, per 

: recovered cent of total 

Acety! Total 
0.095 0.0122 0.1074 0.1002 6.7 
0.084 0.0245 0. 1085 0.1020 6.0 
0.0728 0.0306 0.1034 0.0065 6.65 
0.0728 0.0367 0.1095 0.1025 6.4 
0.0616 0.0429 0.1045 0.1002 4.1 
0.0616 0.0490 0.1106 0.1040 6.0 
0.0504 0.0551 0.1055 0.1000 5.2 
0.0504 0.0612 0.1116 0.1055 5.5 

6.0 


Average...... 


2, 3, and 4 received a total of 3, 4.5, and 6 gm. of acetoin, and 3, 4, and 3 
gm. of sodium acetate respectively. In each of these tests, acetoin gave 
significant increases above the control levels in the percentage of p-amino- 
benzoic acid acetylated, whereas the acetate administration either had no 
effect or decreased the acetylation. Similar results were observed in three 
of the four remaining acetate tests, in which 6 gm. of sodium acetate were 
administered to Rabbits 5, 7, and 8, and 3 gm. to Rabbit 6. The one post- 
tive response for acetate (Rabbit 7) seemed to be genuine and was dupli- 
cated a second time on the same animal. 

The results obtained on glucose administration are given in detail in 
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Effect of Acetoin and 2,3-Butylene Glycol Administration on Acetylation of p-Amino- 
benzoic Acid by Rabbits 


p- ABA 


Rabbit Weight Substance administered 


acetylated 


, per cent 


6 gm. 2.3-butylene glycol 


» & 
= 


3 am. 2,.3-butylene glycol 


3 gm. 2,3-butylene glycol 


oe Bae warn 


3 gm. acetoin 


42 
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Table IV in order to show the nature of the response. Rabbits 7 and 9 each 
received a total of 6 gm. of glucose. An increased acetylation was observed 
during the administration of glucose, but the maximum effect was obtained 
several days later; a progressive fall to the starting values took place during 
the following 2 weeks. Further tests with other substances were discon- 
tinued when it appeared that atypical responses were being obtained. 


Ill 
Effect of Acetate and Acetoin Administration on Acetylation of p-Aminobenzoic Acid by 
Rabbits 
Ut eee 2.3 1.7 2.0 2.3 1.7 2.2 2.0 
Per cent p- ABA acetylated 
Control. 2s 30 4] a4 41 55 53 
Acetate... 28 23 34 21 33 i 
Control...... 22 29 43 17 49 
Acetoin.. 35 37 52 
Taste IV 
Effect of Glucose Administration on Acetylation of p-Aminobenzoic Acid by Rabbita 
Rabbit 7, 2.0 kilos Rabbit 9, 2.0 kilos 
Interval between tests ABA excreted »-ABA ABA cecreted ABA 
Total acetylated Total acetylated 
om - me per cant - per out 
Aug. 27, 1942 490 905 46 667 2 31 
3 522 919 43 35 
4 Glucose 365 S53 57 522 O43 45 
3 346 056 64 477 926 49 
4 372 922 60 506 1020 42 
3 493 055 4s 610 1070 43 
4 543 1034 47 70 lili 40 


DISCUSSION 


The demonstration of a relationship between acetoin and the acet ylating 
reaction is a further clarification of the metabolic pathway by which the 
acetylating agent is formed from carbohydrate. The individual steps from 
glycogen to pyruvate to acetoin have been defined, and the acetylating 
agent is apparently formed somewhere between acetoin and acetate in the 
metabolic pathway. Though direct evidence is lacking, the most probable 
substance that could fulfil the réle of an acetvlating agent is acetyl phos 
phate (22, 23). 
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The relationship of acetate to the acetylation reaction is confusing. It 
had a stimulating effect on the acetylation of sulfanilamide by liver slices 
(12), but had no effect on the formation of acetylcholine in vitro (11). 
Some authors (15, 20, 24) have reported it to be effective in vivo in studies 
similar to those reported herein; others (17, 13) have found no effect from 
acetate administration. When deutero acetic acid was administered 
simultaneously with sulfanilamide or p-aminobenzoic acid, Bernhard (13) 
recovered a small part of the labeled acetate in the acetylated derivative; 
Erlenmever ef al. (14) found none of the deutero acetic acid incorporated in 
the acety! derivative. On the basis of the energy relationships involved, it 
is highly improbable that acetate itself could act as an acetylating agent. 
Such energy is usually supplied in biological reactions by the formation of 
an energy-rich phosphate bond (23). 

The increased acetylation resulting from insulin treatment (15, 16) could 
be attributed to increased pyruvate formation (25). Previously, the 
effect of insulin on alcohol metabolism was shown to be a pyruvate effect 
(26). A splitting of acetoacetate to acetyl phosphate would explain the 
acetylation effects observed with acetoacetate (12, 20, 24), and would pro- 
vide a means of forming the acetylating agent from fat. 


SUMMARY 


The colorimetric method developed by Bratton and Marshall for sul- 
fanilamide was utilized in the determination of p-aminobenzoie acid. 

The acetylation of p-aminobenzoic acid by rabbits was significantly in- 
creased by the administration of acetoin and 2,3-butvlene glycol; sodium 
acetate either had no effect or decreased the acetylation in six out of seven 
rabbits tested. 

Glucose administration increased the acetylation, but the maximum effect 
was delaved several days, and the return to the starting level occurred over 
a period of 2 weeks. 


We are indebted to Dr. F. Visser’t Hooft of the Lucidol Corporation, 
Buffalo, for the acetoin used in these studies. 
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THE COUPLED OXIDATION-REDUCTION OF ALCOHOL AND 
PYRUVATE IN VIVO 


By W. W. WESTERFELD, ELMER STOTZ, ann ROBERT L. BERG 
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Biochemical Laboratory of the McLean Hospital, Waverley, Massachusetts) 
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The coupled oxidation-reduction of alcohol and pyruvate is a coenzyme- 
linked reaction in which both the oxidation of alcohol (1, 2) and reduction 
of pyruvate (3) are dependent upon diphosphopyridine nucleotide (cozy- 
mase or coenzyme 1). In the presence of both substrates, their respective 
enzymes, and diphosphopyridine nucleotide, hydrogen is transferred from 
the alcohol to the pyruvate by means of the coenzyme until equilibriam is 
established. Under conditions which prevent the accumulation of end- 
products, the net result of the reaction is an oxidation of the alcohol to 
acetaldehyde and a reduction of the pyruvate to lactate according to the 


equation, 
CH,-CH,-OH + CH,-CO-COOH -—+ CH,-CHO + CH,-CHOH-COOH 


Although this reaction has been demonstrated with liver slices in vitro by 
Leloir and Mufioz (4), it has never been established that this or similar 
coupled reactions actually occur in the intact organism. 

A recent investigation (5) showed that the administration of pyruvate 
accelerated the rate of alcohol metabolism. At that time, it was suggested 
that this pyruvate effect might be due to a condensation of the pyruvate 
with acetaldehyde (arising from oxidation of the alcohol) to give acetoin. 
It was also recognized that the pyruvate effect could be due to a coupled 
oxidation-reduction of the alcohol and pyruvate. 

The development of a satisfactory method for the estimation of small 
amounts of acetaldehyde in blood (6) provided the means for distinguish- 
ing between these two possible explanations, and the experiments herein 
reported clearly indicate that pyruvate increases the rate of aleohol metab- 
olism principally because it enters into a coupled oxidation-reduction reac- 
tion with the aleohol. This allows the alcohol to be oxidized to acetalde- 
hyde more rapidly than is apparently accomplished by direct reaction with 
oxygen. 


EXPERIMENTAL 


Blood Alcohol-Acetaldehyde Relations—A fasted dog was given approx- 
imately 2 ce. of aleohol per kilo in 20 per cent solution by stomach tube, and 
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a 5 hour interval was then allowed for complete distribution of the aleohol 
and the establishment of a constant rate of oxidation. Acetaldehyde 
levels were determined (6) in blood samples taken from the jugular vein 
during this control period and immediately after the intravenous injection 
of 2.5 gm. of sodium pyruvate. 

Following the ingestion of alcohol, the blood acetaldelhwde increased from 
the trace normally present to the low value of about 0.05 mg. per cent, and 
it remained at approximately this level even when the blood aleohol con- 
centration rose to 185 mg. per cent. The changes that followed the in- 
travenous injection of sodium pyruvate are shown in Fig. |. The admin- 
istration of pyruvate during alcohol metabolism caused a brief fall in the 
hlood acetaldehyde level, possibly indicating a more rapid removal of the 
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Fic. 1. The effect of sodium pyruvate administration on the blood acetaldehyde 
concentration during alcohol metabolism. Dog 10M, 14.6 kilos, received 30 ec. of 
95 per cent alcohol orally 5 hours earlier. The blood aleoho!l concentration at 0 
time on the graph was 75 mg. per cent. 25 cc. of 10 per cent sodium pyruvate were 
injected intravenously, as indicated by the arrow. 


acetaldehyde, but this was soon followed by a much more pronounced 
increase. The rise cannot be attributed to the formation of acetaldehyde 
from the pyruvate administered, since much larger amounts of pyruvate 
were given to a dog that had received no alcohol without the appearance of 
any acetaldehyde in the blood. 

From a consideration of the increased blood acetaldehyde, together with 
the data previously published (5), it is apparent that the administration of 
pyruvate during alcohol metabolism caused an alteration in the netabolie 
relationships normally existing between pyruvate-lactate and alcohol- 
acetaldehyde; lactate and acetaldehyde were relatively increased at the 
expense of alcohol and pyruvate. These changes in all four components of 
the reaction, and especially the changes in opposite directions between 
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pyruvate and lactate and between alcohol and acetaldehyde, show that a 
dismutation reaction has taken place. 

Limiting Reaction in Alcohol M etabolism—lt is axiomatic that, if pyruvate 
increases the rate of alcohol metabolism, it must do so by affecting that re- 
action which is normally the slowest one in the metabolic chain of equilibria 
reactions. If the rate of alcohol metabolism were normally limited by the 
maximum rate at which the aleohol could be oxidized to acetaldehyde, then 
pyruvate must affect this oxidation. Or if the rate were limited by the 
animal's ability to remove acetaldehyde, then the increased rate obtained 
with pyruvate must be due to some effect of the pyruvate on the rate of 
acetaldehyde metabolism. An experiment was, therefore, devised to de- 
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Fic. 2. The metabolic removal of acetaldehyde injected intravenously during 
alcohol metaboliem. Dog 13M, 14.6 kilos, received 35 cc. of 95 per cent alcohol 
orally 4 hours earlier. The rate of decrease of blood aleohol = 13.2 mg. per cent per 
hour. &) ce. of 4 per cent acetaldehyde were injected intravenously, as indicated 
by the arrow. 


termine whether the oxidation of aleohol or the metabolism of acetaldehyde 
is normally the limiting reaction in alcohol metabolism. 

A dog was fed 2.33 ec. of aleohol per kilo and, after a 4 hour interval, the 
rates of decrease of blood alcohol (5) and acetaldehyde were established. 
2am. of acetaldehyde were then injected intravenously, with the results 
illustrated in Fig. 2. The amount of acetaldehyde administered was 
sufficient to raise the blood level at least 15 mg. per cent if it were com- 
pletely distributed throughout the body unaltered. Yet 3 minutes after 
the injection was completed, the blood level was less than 1 mg. per cent, 
and it had practically returned to the starting value within 30 minutes; the 
acetaldehyde was not reduced to alcohol, since the blood alcohol curve was 
unaltered. The essential point of the experiment is that this dog was able 
to metabolize not only the acetaldehyde produced from the oxidation of the 
aleoho! but an additional 2 gm. superimposed upon it by injection without 
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affecting the established rate of alcohol metabolism. It proves quite 
clearly that a dog is able to metabolize acetaldehyde much more rapidly 
than it is being formed from the alcohol. The slowest reaction in alcohol 
metabolism, therefore, must be the oxidation of the alcohol itself to acetal. 
dehyde, and the pyruvate effect must be due to increasing the rate of this 
oxidation. The only possible mechanism known at present whereby this 
could be accomplished is through a coupled oxidation-reduction of the 
pyruvate and the alcohol. 

It is doubtful that a true equilibrium between alcohol and acetaldehyde 
exists in dogs, and this species apparently removes acetaldehyde about a 
rapidly as it can be formed from the alcohol. Blood acetaldehyde level 
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Fic. 3. The metabolic removal of acetaldehyde injected intravenously during and 
in the absence of aleohol metabolism. Dog 10M, 14.6 kilos, was given 25 cc. of 4 per 
cent acetaldehyde intravenously during 6 to 7 minutes immediately preceding 6 
time. © indicates no alcohol administered; *, 3 cc. of 95 per cent alcohol wer 
given orally 5 hours prior to the acetaldehyde injection. The blood aleohol com 
centration at 0 time — 72 mg. per cent. 


did not parallel the alcohol concentration, and the elevation of the blood 
acetaldehyde by injection had no effect on the rate of alcohol oxidation. 

Acetaldehyde appeared to be very irritating by any route of administra 
tion. When 5 gm. of acetaldehyde in 200 cc. of water were fed by stomach 
tube to 20 kilo dogs, no acetaldehyde or aleohol could be detected in any of 
the blood samples taken 8 to 80 minutes afterward and the dogs vomited 
within that period. When a 4 per cent solution of freshly redistilled acet- 
aldehyde in 0.9 per cent saline was injected intravenously, no alcohol was 
detected in the blood. The rate of ucetaldehyde disappearance from the 
blood was not appreciably different whether or not the dog was metabolizing 
alcohol at the time of its administration (Fig. 3). Only negligible quanti- 
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ties of administered acetaldehyde appear to be excreted in the expired air 
and urine (7). 

Effect of Lactate on Blood Alcohol Curve—The effect of lactate adminis- 
tration on the aleohol curve is illustrated in Fig. 4. The experiments were 
conducted by the methods previously used in determining the pyruvate 
effect, and the curves illustrated in Fig. 4 were obtained upon the same dogs 
for which the pyruvate and alanine effects were previously published (5). 
The effect of lactate in different dogs was variable, but in no case did lactate 


Fie. 4. The effect of dl-lactate on the disappearance of blood alcohol. Alcohol 
vas administered in 2) per cent solution by stomach tube at 0 time. 10 gm. of 
sodium lactate in 125 cc. of water were given orally at the times indicated by the 
arrows. Curve Il, Dog 2F, 9.8 kilos, received 25 ec. of aleohol. The rates of fall of 
blood aleohol were as follows: control — 9.0 mg. per cent per hour; after lactate, 
lst hour « 9.0; 2nd and 3rd hour = 13.2; 4th hour = 16. Curve III, Dog 3M, 13.9 
kilos, received 35 ec. of aleohol. The rates of fall of blood alcohol were as follows: 
control « 9.7 mg. per cent per hour; after lactate, Ist and 2nd hour = 19; 3rd hour 
16. 


increase the rate of alcohol metabolism to the same extent as pyruvate, and 
the maximum effect that was obtained was sometimes delayed | or more 
hours. 

The results are best interpreted in accordance with the oxidation-reduc- 
tion mechanism. Some effect from the lactate might be expected after 
high blood levels of both lactate and pyruvate had been established. The 
increased pyruvate could then be utilized in the dismutation reaction with 
alcohol, but this reaction would be hindered so long as large amounts of 
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lactate were continually being absorbed into the blood stream. High 
lactate levels produced by the dismutation reaction itself would tend to 
hinder the reaction, and it was previously observed (5) that a second dose of 
pyruvate was usually less effective than the first. 


DISCUSSION 


The dismutation reaction observed in these studies occurs when an excess 
of pyruvate is administered during alcohol metabolism, but there are indiea- 
tions from the data in the literature that this reaction also plays a réle 
under normal conditions. The increased blood lactate observed after al 
cohol ingestion (8) could be derived from the dismutation reaction. The 
effect of simultaneous carbohydrate metabolism on the rate of aleohol 
metabolism (5, 9) must be obtained by affecting the rate of oxidation of 
alcohol to acetaldehyde. A'though the dismutation reaction adequately 
explains many of the relationships between carbohydrate and alcohol 
metabolism, this reaction alone would not cause the depletion of the ear. 
bohydrate reserves observed during alcohol metabolism (10-12), since it 
does not involve an irreversible utilization of carbohydrate. 

The fate of the acetaldehyde produced by the oxidation of alcohol, either 
directly or through the dismutation reaction, has not been established, but 


the possibility of acetoin formation was suggested previously (5). The- 


extremely rapid metabolism of acetaldehyde suggests a non-oxidative 
mechanism or a metabolism that is generally distributed throughout the 
tissues, rather than an oxidative reaction confined to the liver. The 
aldehyde mutase (13), which converts 2 moles of acetaldehyde to | mole of 
alcohol and 1 mole of acetic acid, apparently plays no major réle in the 
metabolism of acetaldehyde, since the injected acetaldehyde was metab- 
olized without evidence of the formation of any alcohol. 

Attempts to demonstrate acetoin formation directly have been unsue- 
cessful. Utilizing a method' by which blood acetoin will be detected ina 
concentration of 0.3 mg. per cent, we have been unable to find acetoin in 
this amount in dog blood normally or after the administration of pyruvate 
during or in the absence of alcohol metabolism. These negative results 
confirm those recently reported by Greenberg (14), but they do not elim- 
inate acetoin as a possible intermediate in alcohol metabolism. A later 
communication will describe the formation of acetoin from acetaldehyde. 


SUMMARY 


Evidence is presented indicating that the increased rate of alcohol 
metabolism resulting from pyruvate administration is due to a coupled 
oxidation-reduction reaction between the pyruvate and the alcohol. 


' Stotz, E., unpublished data. 
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th The metabolic relationships normally existing between pyruvate-lactate a 
to and alcohol-acetaldehyde were altered by the administration of pyruvate ‘ 
of during alcohol metabolism; lactate and acetaldehyde were relatively a 
increased at the expense of pyruvate and alcohol. ; 
The slowest reaction in alcohol metabolism was found to be the oxidation ay 
of alcohol itself to acetaldehyde, since a dog was able to metabolize acetal- a 
“ dehyde much more rapidly than it was being formed from alcohol. + 
Lactate administration usually increased the rate of alcohol metabolism, 
le but the effect was smaller than that observed with pyruvate and was some- 
times delayed. 
e 
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DETERMINATION OF NICOTINIC ACID 


By ROBERT G. MARTINEK,* ERNST R. KIRCH, ano GEORGE L. WEBSTER 


(From the Department of Chemistry, College of Pharmacy, University of Illinois, 
Chicago) 


(Received for publication, April 29, 1943) 


The discovery of the rdle of nicotinic acid as the antipellagra factor has 
stimulated work on its determination in various biologicals and food prod- 
ucts. The chemical methods of analysis for nicotinic acid (1-10) have 
been patterned primarily after those which have been used for the deter- 
mination of pyridine. A number of microbiological methods (11-13) have 
also been proposed for the determination of nicotinic acid, but they are 
more time-consuming than the chemical methods. The present investiga- 
tion was undertaken to evaluate the previously reported chemical and 
microbiological methods for the determination of nicotinic acid and its 
amide, and to investigate the possibility of improving the chemical methods 
of assay. 


EXPERIMENTAL 


Despite the wide-spread use of aniline in the cyanogen bromide-niacin 
reaction, this amine has certain very serious disadvantages for use in the 
assay of niacin. Various amines were allowed to react with cyanogen 
bromide and niacin in the same manner as for the reaction with aniline. 
Of the amines investigated, orthoform (m-amino-p-hydroxybenzoic acid 
methyl ester) was found to produce the most stable color. 

Reagents—- 

1. 1 per cent orthoform (Winthrop) in 95 per cent alcohol. This solu- 
tion should be kept in the refrigerator in a dark colored bottle. 

2. 4 per cent cyanogen bromide in water. A cold, saturated bromine- 
water solution is carefully decolorized in the cold with 10 per cent sodium 
cyanide (analytical reagent), measured from a burette. This produces an 
approximately 4 per cent aqueous solution of cyanogen bromide. Care is 
taken to prevent having any large excess of the cyanide. This solution, 
in a dark colored bottle, is kept cold, when not in use, and is stable for 
long periods. 

3. Buffer solution. This is essentially the buffer employed by Waisman 
and Elvehjem (1), with 95 per cent alcohol substituted for absolute al- 


* The experimental data in this paper are taken from a thesis submitted by Kobert 
G. Martinek in partial fulfilment of the requirement for the degree of Master of 
Science in Chemistry in the Graduate School of the University of Illinois. 
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cohol. It consists of 988 ml. of water, 15 ml. of 15 per cent sodium hy- 
droxide, 5 ml. of 85 per cent phosphoric acid, and 175 ml. of 95 per cent 
alcohol. 

4. Standard nicotinic acid solution. This solution contains 0.010 gm. 
J of nicotinic acid (Merck) per ml., and should be stored in the refrigerator. 
7. For assays, this solution is diluted so that there are 10 y of nicotinic acid 
per ml. 

Procedure—Solutions equivalent to 5 to 60 y of nicotinic acid are diluted 
to-6 ml. with distilled water. To each solution are then added 6 ml. of 
cyanogen bromide solution and 7 ml. of the buffer solution. All flasks 
are allowed to stand about 20 minutes (or are heated on the steam bath for 
5 minutes with a funnel in the neck of each flask to prevent evaporation), 
after which time 1 ml. of 1 per cent orthoform solution is added. After 


6 


8 


Per cent transmittance 


6 


Mic rarns Of nicotinic acid 
Reference curve at 340m 


Fic. 1. Standard reference curve for nicotinic acid 


5 minutes, and not longer than 15 minutes after the addition of the ortho- 
form, readings are made in a photometer, with the reagents with the ex- 
ception of the orthoform used as a blank. 

In the assay of extracts of various biological materials, however, it may 
be advisable, in some instances, to follow the suggestion of Melnick and 
Field (4) of measuring the increment in photometric density obtained by 
addition of known amounts of nicotinic acid to the extracts. 

Standard Curve—<A standard reference curve, Fig. 1, is constructed on 
semilogarithmic paper, with per cent transmission plotted against micro- 
a grams of nicotinic acid. Unknown values are interpolated from the stand- di 
ard curve. T 

Influence of pH on Reaction-—Pure aqueous solutions of nicotinic acid | at 
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were tested and the results are shown in Table I. It can be seen that, for 
100 per cent recovery, the pH must be maintained within the limits of 
6.2 to 7.05. If the solution becomes acid to a pH of 3.75, as much as 95 
per cent loss occurs, whereas, if the pH becomes as high as 8, about a 35 


per cent loss occurs. 


Taste 
Effect of pH on Reaction 
Each sample contained 60 y of nicotinic acid. 


. pH after Niacin Percent § «¢ , pH after | Niacin | Per cent 
Sample No. found recovered Sample No. , 


reaction reaction found recovered 
| | 

! 3.75 3.0 5.0 8 6.69 60.0 | 100.0 
2 4.35 16.0 26.7 9 6.83 60.0 100.0 
3 4.89 21.5 35.8 10 7.05 60.0 100.0 
4 5.20 23.5 39.2 i 7.11 50.5 | 84.2 
5 5.41 32.0 53.5 12 7.25 44.5 | 74.2 
6 | 5.82 53.5 80.2 13 7.55 42.5 | 70.8 
7 6.20 60.0 100.0 14 7.95 


39.0 65.0 


An: ine 


10 5 20 25 30 
Time in minutes 


Fic. 2. Comparative stability of color found with aniline and orthoform 


Time Required for Development of Maximum Color—Two series of ex- 
periments with aniline and orthoform respectively were carried out on 
00 y of nicotinic acid. Measurements of the per cent transmittance were 
made at intervals of from } to 30 minutes after the addition of the amine. 
The results are represented in Fig. 2. It can be seen that the color pro- 
duced with aniline reaches a maximum in 5 minutes and then rapidly fades. 
The orthoform-produced color, however, reaches a maximum in ah minutes 
and is stable for at least 15 minutes. 
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Specificity of Reaction—The one known vitamin, other than nicotinic 
acid, that contains the pyridine ring is pyridoxine or vitamin Be. This 
vitamin was found to yield no appreciable color in the cyanogen bromide 
color reaction with orthoform as the reagent. As many as 60 y of 2- 
aminopyridine produced only a very slight color in contrast to the color 
produced when aniline is used as the reagent, as reported by Waisman 
and Elvehjem (1). 

Assay of Nicotinic Acid in Yeast by Means of 1 Per Cent Orthoform 
M ethod—Y east extracts, prepared according to the technique of Waisman 
and Elvehjem (1) and decolorized with Dareo G-G0, were assayed for 


Taste Il 
Apparent Nicotinic Acid Values in Yeaat 
Sample No. 4 per cent aniline 1 per cent orthoform _ Microbiological assay 
mg. per 100 mec. per 100 om. me. per 100 om. 
1 2.90 | 2.97 2.12 
2 2.43 3.18 3.31 
3 2.30 2.10 | 2.19 
4 3.54 | 3.11 | 3.41 
Taste Ill 
Determinations of Nicotinamide in Commercial Sample (26.0 Mg. per Liter on Label) 
Found 
Lot sample No. 
4 per cent aniline 1 per cent ortholorm 
me. peri. me. per i. 
l 23.0 23.0 
2 23.5 | 21.5 
3 22.0 21.0 
4 21.0 23.0 


nicotinic acid with orthoform as the chromogenic amine. For the purpose 
of evaluation and comparison, the chemical assay with aniline, as modified 
by Waisman and Elvehjem (1), and the Landy and Dicken (13) micro- 
biological assay were performed on the same extracts. Results are shown 
in Table ITI. 

Assay of Nicotinic Acid in Commercial Sample by Means of 1 Per Cent 
Orthoform Method—-An intravenous solution, containing, according to the 
label, dextrose u.s.p. 50.0 gm., sodium chloride v.s.p. 9.0 gm., thiamine 
hydrochloride v.s.p. 3 mg., riboflavin 3 mg., nicotinamide 25 mg. per liter, 
was assayed for nicotinic acid. 
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The assay procedure was as follows: The color due to the riboflavin 
was first destroyed by exposure of a portion of the solution to the light 
of a 100 watt bulb for 48 hours. A portion of the solution was then sub- 
jected to hydrolysis with 0.1 x HCl in an autoclave at 15 pounds for 15 
minutes in order to convert all the amide to the free acid. The resulting 
hydrolysate was made up to volume in a volumetric flask, and then aliquots 
equivalent to from 25 to 50 y of nicotinic acid were assayed with orthoform 
as the amine. 

The same procedure of assay was then repeated with | ml. of 4 per cent 
aniline in aleohol in place of the | ml. of 1 per cent orthoform in alcohol. 
The results are shown in Table ITT. 


SUMMARY 


The use of orthoform as a chromogenic amine in the cvanogen bromide- 
niacin reaction has been studied and found to make the method less critical 
with respect to pH control and time of comparison of the color, with no 
loss of accuracy. 
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THE RELATIONSHIP OF EXTINCTION TO WAVE-LENGTH IN 
TURBID SERA AND OTHER SUSPENSIONS 


By OLIVER HENRY GAEBLER 
(From the Department of Laboratories, Henry Ford Hospital, Detroit) 


(Received for publication, May 3, 1943) 


The purpose of this study was to determine whether the turbidity of 
blood sera, measured in a spectrophotometer, is systematically related to 
wave-length, so that the error introduced at a point where extinction' of 
an added dye or a colored constituent of the serum is measured might be 
computed from determinations of turbidity made in other regions of the 
spectrum. The writer was interested in applying such information in 
determinations of plasma volume, but the results obtained are also of 
interest in other connections. 

Suspensions of coarse particles, which reflect light, may have the same 
extinction at widely different wave-lengths. Minute particles, on the 
other hand, produce excessive scattering of the blue end of the spectrum. 
This is mathematically expressed in Rayleigh’s law (1). For class pur- 
poses one may demonstrate the fact without a spectrophotometer by nearly 
filling a 100 ce. flask with water and adding | cc. each of the silver nitrate 
and ammonium thiocyanate solutions used for determination of chloride 
in urine. The fine precipitate which forms in the absence of nitric acid 
looks bluish in reflected light. But if the flask is held between the observer 
and the white bow! of a light, immediately after the thiocyanate is added, 
the image of the bow! will change through vellow to red before it is obscured 
entirely. 

In sera, turbidities produced by physiological lipemia and other causes 
are due to particles which are small enough to scatter light in this way. 
That a linear relationship might exist between the logarithm of extinction 
and the negative logarithm of wave-length was suspected, since there are 
formulae in which the fraction of light scattered by minute particles and 
the turbidity are related to the inverse fourth power of the wave-length (1). 
The expected relationship was observed in the instances discussed below. 
Less convenient though equally systematic relationships were observed in 
the cases of other suspensions or more concentrated preparations. 


'The term optical density is commonly used in place of extinction to signify 
log (14/1), 7 being the intensity of incident light and / the intensity of transmitted 
light. 
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EXPERIMENTAL 


Suspensions of protein precipitated with sulfosalicylic acid and sodium 
sulfate (Exton’s reagent) may be considered first. This artificial suspen- 
sion permits direct measurements of turbidity in parts of the spectrum 
where hemoglobin and bilirubin interfere with measurements in sera. The 
procedure was as follows: Three dog sera which contained very little hemo- 
globin were diluted 120 to 200 times with 0.8 per cent sodium chloride 
solution. 1 volume of diluted serum was mixed with | volume of Exton’s 
reagent, which contained 50 gm. of sulfosalicylic acid and SS gm. of an- 
hydrous sodium sulfate per liter, but no indicator. The extinction at 
various wave-lengths was measured in a Beckman spectrophotometer (2). 
The blank consisted of equal parts of 0.8 per cent sodium chloride solution 
and Exton’s reagent. It was necessary to mix the suspensions before each 
measurement, for they flocculate and settle appreciably. The results are 
shown in Fig. 1, and indicate a linear relationship between the logarithm 
of extinction and the negative logarithm of the wave-length, from 1000 mg 
in the infra-red to 350 my in the ultraviolet. Below the latter point sulfo- 
salicylic acid solutions of this concentration do not transmit, and for some 
distance above it the concentration of this substance in the blank and the 
unknown must be the same. 

Serum turbidities which are not due to blood cells or other large particles 
that a centrifuge will remove also follow the above rule. If hemolysis is 
not sufficient to interfere, the relationship between the negative logarithm 
of wave-length and the logarithm of density is linear between 1000 and 
600 mu. This is shown in Fig. 2. At shorter wave-lengths the spectra 
of bile pigments and oxyhemoglobin (which is readily found in “‘unhemo- 
lyzed”’ sera) interfere with direct measurement of turbidity. Evans’ blue 
shows maximal absorption at 620 my (3), and dog sera containing it show 
maximal absorption at about 630 my. Thus Fig. 2 covers the region of 
interest in this case. 

In the concentrations commonly emploved, Evans’ blue in serum shows 
negligible absorption at 750 my, especially if the sera are diluted, as in a 
method which the writer uses. With salt solution as a blank, one can there- 
fore measure the density of dyed sera at 1000, 900, 800, and 750 mag, plot 
the values as in Fig. 2, and graphically determine the correction to be sub- 
tracted from the observed density at 630 mg by projecting the line to that 
point on the graph. The writer found this method applicable to many 
turbid sera, but two facts limit its general usefulness. Many instruments 
are not adapted for measurements in the infra-red, and compounds such as 
oxyhemoglobin have irregular absorption spectra in this region. The 
graphical method must then give way to an algebraic one in which factors 
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derived from the data in Fig. 2 are employed. Details of this will be pub- 
lished elsewhere, and only the principle need be mentioned here. 

Two colored substances with overlapping absorption spectra can be 
determined in the presence of one another under certain conditions. The 
substances must not react with each other, and the ratio between extinc- 
tions at two points in the spectrum must be quite different for each sub- 
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Fic. 1. Suspensions prepared by precipitating diluted sera with sulfosalicylic 
acid and sodium sulfate were compared with a blank containing the same concentra- 
tion of the precipitants. A linear relationship between the logarithm of optical 
density and the negative logarithm of wave-length was observed. 

Fie. 2. The relationship between the logarithm of optical density and the negative 
logarithm of wave-length is shown in the case of turbid sera. Curves 1, 2, and 3 are 
plotted on the upper scale. The material included four turbid sera from dogs in the 
postabsorptive state, which had received 42 per cent of their calories in the form of fat 
(Curves 2,3, 4, and 7), and two dog sera which became turbid on standing 12 hours in 
the refrigerator (Curves land6). In all of these cases 1 volume of serum was diluted 
with | volume of 0.8 per cent sodium chloride solution, and the salt solution was used 
as the blank in the spectrophotometric readings. In one case (Curve 5) turbid dog 
serum obtained 3 hours after a high fat meal was diluted as already stated and read 
against similarly diluted clear serum obtained before the meal. Curve 8 represents 
an undiluted, turbid dog serum read against the same serum diluted with an equal 
volume of salt solution. 


stance. In Fig. 2 it is apparent that the slope of the lines is very similar. 
In other words, the ratio of extinctions at two or more points in the spec- 
trum may be as constant for a given turbidity as for a given color. Under 
these circumstances determination of a colored substance in the presence 
of unavoidable turbidity can be made in the same manner that one deter- 
mines two colored substances in the presence of one another (3). 
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SUMMARY 


Dog sera in which turbidity was due to physiological lipemia and other 
causes were examined in a photoelectric spectrophotometer. Analysis of 
the data showed that the logarithm of the extinction was related in a linear 
manner to the negative logarithm of the wave-length. This was also true 
in the case of turbid suspensions made bv precipitating greatly diluted 
serum with sulfosalicylic acid and sodium sulfate. The value of this 
relationship in correcting for turbidity is discussed. 
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THE COLORIMETRIC ESTIMATION OF AMINO NITROGEN 
IN BLOOD* 


By ELIZABETH G. FRAME, JANE A. RUSSELL, ann ALFRED E. WILHELMI 


(From the Department of Physiological Chemistry, Yale University School of Medicine, 
New Haven) 


(Received for publication, May 4, 1943) 


The best available methods for the determination of amino acid nitrogen, 
the nitrous acid manometric and the ninhydrin manometric and titrimetric 
procedures, require even in their submicro modifications at least 40 y of 
amino nitrogen per sample and are more satisfactory when larger amounts 
are used. They are therefore unsuited for use with very small samples of 
blood, such as may be obtained serially from small laboratory animals. 
To fulfil this requirement we have developed a colorimetric method which 
may be used to determine 4 to 40 y of amino nitrogen per sample, with a 
precision usually of | to 2 percent. Duplicate analyses may be made upon 
0.2 ml. of blood. While the method is not as specific as the ninhydrin re- 
action, its simplicity and convenience make it useful in circumstances 
when the greatest precision is not required. 

Tae method depends upon the combination of amino nitrogen groups 
with 8-naphthoquinone sulfonate in alkaline solution to form highly colored 
compounds, orange-red in acid solution, which may be determined color- 
imetrically (1). The method originally described by Folin for the estima- 
tion of amino acid nitrogen in blood required 2 ml. of blood for duplicate 
determinations and 20 to 24 hours for color development. According to 
Van Slyke and Kirk (2) and others, the estimation of amino nitrogen by 
this procedure was incomplete. The accuracy of the method was much 
improved by Danielson (3), who modified the conditions of color develop- 
ment and the reagents used for bleaching the excess naphthoquinone. 
Sahyun (4) hastened the reaction and probably made it more complete by 
heating the reaction mixture during color development. Although he 
found it possible to apply the method to 0.2 ml. of blood (for duplicates), 
he recommended using larger samples. In all of these procedures a 
Duboseq type of colorimeter was employed, with resulting inaccuracies 
due to a large blank color and to differences in hue produced by different 
arino acids and amino acid mixtures. The specificity of the reaction as 
carried out by the modified procedures was not investigated. 


* Part of the material in this paper was included in a thesis presented by Elizabeth 
G. Frame to the faculty of the Graduate School, Yale University, in partial satisfac- 
tion of the requirements for the degree of Doctor of Philosophy. 
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The present procedure embodies with modifications certain of the con. 
ditions recommended by Danielson and by Sahyun. The absorption 
spectra of the amino acid-napththoquinone compounds have been studied, 
and the method has been adapted to the photoelectric colorimeter. The 
individual amino acids were compared quantitatively, and most of them 
were found to give nearly identical results with respect to their free amin 
nitrogen content. In addition a number of other nitrogen-containing sub. 
stances have been tested in order to determine the specificity of the reaction 
under the conditions described here. The method applied to blood has 
shown good agreement with the Van Slyke nitrous acid method and satis. 
factory recovery of added amino acid nitrogen. 


EXPERIMENTAL 


Reagents and Apparatus 

Sodium 8-naphthoquinone-4-sulfonate, 0.5 per cent solution, freshly 
prepared within an hour before use. 

Sodium tetraborate (borax), | per cent solution. 

Sodium hydroxide, 0.1 N. 

Phenolphthalein, 0.25 per cent alcoholic solution. 

Acid-formaldehyde; 3 parts of 1.5 ~ hydrochloric acid, | part of glacial 
acetic acid, and 4 parts of 0.15 m formaldehyde (11.3 ml. of 40 per cent 
formaldehyde diluted to | liter). 

Sodium thiosulfate, 0.1 N. 

Stock standard amino acid solution; 0.2 mg. of amino nitrogen per ml. 
dissolved in a solution of 0.2 per cent sodium benzoate in 0.7 ~ hydrn- 
chloric acid. 

In the method as described an Evelyn photoelectric colorimeter is em- 
ployed in conjunction with Rubicon Filter 490 or, in certain circumstances, 
Filter 520. The entire procedure may be carried out in test-tubes cali- 
brated at 15 ml., or in calibrated colorimeter tubes. 

Color Development—-To a sample of the unknown solution, containing 
preferably 8 to 30 7 of amino nitrogen, add water if necessary to a volume 
of about 5 ml. Add 1 drop of phenolphthalein solution to the sample and 
then add 0.1 ~ sodium hydroxide drop by drop until a permanent pink ; 
color is established. Adjust the pH by adding | ml. of the borax solution 

~ (or of a borate buffer, pH 9.2 to 9.4). Then add 1 ml. of the freshly pre 
pared naphthoquinone solution. Mix the contents of the tube, place it 
immediately in a briskly boiling water bath, and heat for 10 minutes. 
After heating, place the tube in cold water for about 5 minutes. To acidify 
the mixture and to decolorize the exceas naphthoquinone first add 1 ml. 
of the acid-formaldehyde solution and mix, and then add 1 ml. of 0.1% 
sodium thiosulfate. Make up to 15 ml. with water, mix, and let stand 
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for 10 to 30 minutes. Read in a colorimeter, using preferably a 480 or 
490 my filter. For the initial setting of the colorimeter a reagent blank 
should be prepared. Under the conditions described here, the bleaching 
of the excess quinone is not quite complete, the blank being pale yellow in 
color. However, if the conditions of analysis are well standardized, the 
absorption of the blank is quite constant in value. Small variations may 
occur owing to differences in heating and in the time and temperature of 
cooling; so that for accurate results blank tubes should be prepared simul- 
taneously with each group of unknown samples. Duplicate determinations 
by this procedure agree almost invariably within 3 per cent and usually 
within 1 or 2 per cent. 

The reaction must be carried out at pH 9.2 to 9.4, much less color being 
developed outside this range. A drop or two of 0.1 N sodium hydroxide 
added in excess during neutralization does not affect color development, 
but incomplete neutralization (to a faint or transient pink color with 
phenolphthalein) leads to low results. The volume of the sample should 
not exceed 5 ml. by more than a few tenths of a ml.; so that if the solution 
to be analyzed is strongly acid, more concentrated alkali should be used 
before the final neutralization with 0.1 N sodium hydroxide. 

Heating 10 minutes was found sufficient for full color development with 
mixtures of amino acids as found in blood filtrates and casein hydrolysates 
and with most of the pure amino acids. About 90 per cent of the color is 
obtained after 5 minutes, and no additional color is developed after 15 
minutes. ‘The blank color is, however, considerably increased with longer 
heating. Accordingly, the 10 minute period has been used in routine 
determinations. Heating 10 minutes is not quite sufficient for full color 
development with two amino acids, arginine and leucine; a 15 minute period 
might therefore be recommended if an unusually high content of either of 
these amino acids was present in the sample being analyzed. 

The naphthoquinone solution must be freshly prepared, at least within 
an hour of being used. On standing, in contact with alkali especially, 
changes take place which make incomplete the subsequent decolorizing of 
the blank. For this reason the color reagent should be added to the sam- 
ples not more than a few minutes before the heating is begun, and the 
length of the cooling period should be short. The bleaching of the excess 
quinorfe is complete in about 10 minutes. The amino acid-quinone com- 
plex is only slowly affected, beginning to fade perceptibly about 30 minutes 
after the addition of the thiosulfate. 

After the addition of acid and thiosulfate the colored solutions usually 
remain perfectly clear for some hours. Occasionally some cloudiness may 
develop soon after bleaching, owing probably to the precipitation of sulfur 
from the thiosulfate in acid solution. It has been found by others using 
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the method that the development of cloudiness may be prevented by the 
addition of a drop of 4 per cent Duponol (WA) to the mixture before 
acidification. 

The presence of traces of chromic acid on the glassware leads to irregular 
results. If a chromic acid cleaning agent has been used, the glassware 
should be wel! rinsed in an alkaline wash solution. 

Color Measurement— Since the accuracy of photometric methods depends 
upon a correct choice of light filter, it is necessary to know the spectral 
characteristics of the colored substance to be measured. Moreover, in the 
estimation of amino nitrogen one is usually dealing with mixtures of differ- 
ent substances, and assurance is required that the several substances yield 
compounds with similar absorption maxima. Accordingly, the absorption 
spectra of the colored substances produced in combination with 8-naphtho- 
quinone sulfonate by seventeen amino acids and by blood filtrates were 
determined with a Coleman universal spectrophotometer. Readings 
were made at 10 my intervals over the range 360 to 700 mu. The amino 
acids tested were alanine, arginine, aspartic acid, cystine, glutamic acid, 
glycine, histidine, hydroxyproline, leucine, lysine, methionine, ornithine, 
phenylalanine, serine, threonine, tryptophane, and tyrosine. The samples 
contained about 16 7 of amino nitrogen and were dissolved in acid benzoate 
solution as described in the preparation of the standard curve. 

The absorption spectra of the amino acid compounds all resemble one 
another closely. A few of tne curves representative of most of the amino 
acids studied are presented in Figs. | and 2, the less typical curves in Fig. 3. 
The absorption maximum very near 480 my is characteristic of all the 
curves, which differ mainly in the relative amounts of absorption shown in 
the descending limbs. None of these differences is great enough to permit 
the estimation of any single amino acid in a mixture; they are responsible, 
however, for the variations in shade of the different colors as observed by 
the eve. The diamino acids lysine and ornithine exhibit almost identical 
curves, having a notched peak with one maximum at 480 my and the other 
at 500 mg. Hydroxyproline is also exceptional for its low degree of ab- 
sorption and for a second, lower peak at 450 mg. The curve for proline 
was not determined, but it is probably similar to that of hydroxyproline, 
since the analytical behavior of the two compounds is almost identical. 
The absorption spectrum of the color developed with blood filtratés con- 
forms closely to that of the major group of the amino acids. 

From the absorption spectra it is clear that the filter of choice for the 
measurement of this color would be one with maximum light Uransmission 
at 480 my. We have successfully used Rubicon Filter 490, which transmits 
light of wave-lengths 465 to 530 my, and under certain circumstances, 
Filter 520 (495 to 550 my). The latter filter is not particularly recom- 
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mended; but data on its use are included because at present a full selection 
of filters may not be available, and because in some early work we employed 
this filter. As would be expected from the absorption spectra, Filter 520 
is less sensitive to differences in amino nitrogen content and more sensitive 
to the differences in relative absorption shown by the individual amino 
acids. When constant amounts of the single amino acids are compared 
with an equivalent standard containing glycine and glutamic acid, the 
variations in amount of color with Filter 520 are mostly between 85 and 
115 per cent of the standard and are about equally divided in positive and 


PERCENT 
ABSORP TION 


WAVELENGTH (my) 


Fie. 1. The absorption spectra of the compounds formed by the reaction of gluta- 
mie acid (solid line) and of alanine (broken line) with 8-naphthoquinone sulfonate, 
corrected for the absorption of the reagent blank. 


negative directions (Table I). The color developed by complete mixtures 
of amino acids might therefore be expected to be fairly comparable, when 
measured with Filter 520, to that of a mixed standard of the same amino 
nitrogen content. In a series of fifteen determinations of amino nitrogen 
in blood filtrates which were made with Filters 490 and 520, the results 
obtained at the two wave-lengths disagreed only slightly. The differences 
ranged from —2.3 to +5.9 per cent of the values obtained at 490 my. The 
average difference was +-1.9 per cent, or, in terms of amino nitrogen at the 
usual levels in blood, about 0.2 mg. per cent. Filter 520 might therefore 
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Fic. 2. The absorption spectra of the compounds formed by the reactions of 
methionine (solid line), tyrosine (broken line), and histidine (dotted line) with 
8-naphthoquinone sulfonate. 
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Fic. 3. The absorption spectra of the leas typical amino acid compounds of 8- 
naphthoquinone sulfonate with lysine (solid line), threonine (broken line), and 
hydroxyproline (dotted line). 
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be used for comparative measurements of similar blood filtrates with but 
little loss in accuracy. 

Standard Curve—-Any one of a number of amino acids can be used as a 
standard, if the colors of standard and unknown are compared at 490 mu 
(Table I). Danielson recommended as a standard an equimolar mixture 
of glycine and glutamic acid, because its color closely matches in shade 
that formed by blood filtrates. This mixed standard has been used in 
most of our work, primarily because in the early phases of the investiga- 
tion we did not have complete spectroscopic data on the colors produced 
in the reaction, and we wished to have as close correspondence as possible 
between the colors of the standard and unknown solutions. The stock 
solution of the mixed standard consists of 53.6 mg. of glycine and 105 mg. 
of glutamic acid made to 100 ml. in a solution of 0.2 per cent sodium 
benzoate in 0.07 ~ hydrochloric acid; it contains 0.200 mg. of amino nitro- 
gen per ml. For use as a standard to be prepared simultaneously with 
unknowns or in the preparation of a standard curve, the stock solution may 
be diluted as required either with water or with acid benzoate. If water 
is used, the reagent blank need contain only water, since small amounts of 
acid benzoate do not affect the light absorption of the blank. 

The color produced in this reaction is sufficiently reproducible, for most 
purposes, for preparing a standard curve and the results of analyses may be 
ealeulated by reference to this curve. For this calculation, the galvanom- 
eter readings ((/) obtained from the Evelyn colorimeter are first converted 
to L (density) values by reference to the L/G table. The amount of amino 
nitrogen present in the sample may then be calculated from this value by 
the use of a regression equation derived from the standard data. Fig. 4 
shows the regression lines obtained from glycine-glutamic acid standards 
(4 to 30 y) read with Filters 490 and 520. Micrograms of amino nitrogen 
are plotted against . (= 2 — log@). There is an exact straight line rela- 
tionship between the amount of amino nitrogen and intensity of color 
developed throughout the accurate range of the colorimeter. 

Comparison of Individual Amino Acids—Twenty-one amino acids and 
some derivatives of amino acids were compared with the glycine-glutamic 
acid standard in the reaction carried out as described above. Readings 
were made with Filters 490 and 520. Three or more determinations were 
made in each instance, usually simultaneously with standards. The re- 
sults are presented in Table I. Most of the individual amino acids gave 
nearly identical results with respect to their a-amino nitrogen content 
when Filter 490 was used. Exceptions to this agreement were the following: 
Both amino groups of lysine and ornithine appeared to react quantitatively 
with the naphthoquinone reagent. Arginine is somewhat slow to react, 
giving 90 per cent of its color after a 10 minute heating period but yielding 
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theoretical results for its a-amino nitrogen content after 15 minutes of 
heating. Histidine, leucine, and valine gave 90 to 93 per cent of their 
theoretical a-amino nitrogen content; with leucine only, the color was 
increased (to 96 per cent) by further heating. The color produced with 
the latter amino acids was more vellow than in the majority of cases, and 
their absorption curves exhibit a sharp descent on the red side from the 
peak at 480 my. It is probable that these amino acids would yield more 
nearly theoretical values if a filter with its principal transmission at 480 
my instead of at 490 my were used. The nitrogen of proline and hydroxy- 
proline, which is in the imino form, gave only half the color to be expected 
from amino nitrogen. Interestingly, with these two compounds the reac- 
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Fic. 4. The relationship of color intensity (L = 2 — log G) to the amount of amino 
acid nitrogen in an equimolar mixture of glycine and glutamic acid. The regression 
equations of the standard curves, where Y = micrograms of amino nitrogen, are as 
follows: with Filter 490 Y — 38.34 + 0.594; with Filter 520 Y = 47.53 + 0.671. 


tion is very rapid, being completed in the cold in the course of minutes. 
Thyroxine yields a colored precipitate on acidification, but at low concen- 
trations the precipitation could be largely delayed in the presence of 
Duponol, so that an approximate reading of the color, about 85 per cent 
of theoretical, could be obtained. Alanine gave somewhat more color than 
the standard mixture. 

Peptide and amide nitrogen do not appear to react with the naphtho- 
quinone reagent. Moreover, the free a-amino nitrogen of the amides and 
peptides tested, except glutathione, did not develop full color. The reason 
for this apparent inhibition is not clear. Among the peptides, the prox- 
imity of a free carboxyl group may influence the intensity of color, 
Tyrosylglycinamide, which has no free carboxyl group, was the least 
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chromogenic, while glutathione, an abnormal peptide in that it contains 
free amino and carboxyl groups on the same carbon atom, was fully 
reactive. 

Reactions of Other Nitrogenous Substances—-A number of nitrogen-con- 
taining substances other than amino acids were tested for the possibility 


Determination of Individual Amino Acids 
12 y of amino nitrogen were used in each sample. 


Amino nitrogen 


measured, Amino nitrogen measured, 
per cent of per cent of standard 
Amino acid — Amino acid 
With | With With | 
Filter Filter Filter | With Filter 520 
499 $20 
Glycine-glutamic acid 100 100 Threonine 100 109 
standard Thyroxine 75 (Ppts.) 
Arginine “6 Tyrosine wo 
heated 15 min. 100 97 Valine 
wed acid Amino acid derivatives* 
Cystine 107 Asparagine 78 
Glutamic acid 100 % Glutamine 70 | 68 
Glycine Glutathione | oF 
Histidine SS Glycylglycine 
Hydroxyproline  Leucylglycylglycine 66 55 
Leucine 77) Tyrosylglycinamide 54 
heated 15 min. SS Glycine anhydride 0 
Lysine 216 Hippurie acid 0 0 
Methionine 100 SS Carbobenzoxytyrosin- 0 0 
Ornithine aw 2A amide 
Phenylalanine 100 Carbobenzoxygluta- 0 0 
Proline myltyrosine 
Serine wn | 


* To caleulate the results of these analyses, the compounds were considered to 
contain one free amino group per molecule. In the last four cases, larger amounts 
than 12 y of nitrogen were also used; less than | per cent of the nitrogen in each 
compound reacted as amino nitrogen. 


of their interference with the determination of amino acids, or because of 
their theoretical interest. The results of most of these tests are shown in 
Table If. Under the conditions of this test, the quinone appeared to react 
not at all or to a very slight extent only with amide nitrogen, peptide 
nitrogen, tertiary amines, the unsaturated pyrimidine, pyridine, purine, 
imidazole, and thiazole rings, guanidino groups, urea, creatine, creatinine. 
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Tasie Il 
Reactions of Substances Other Than Amino Acids (Filter 490) 
Substance Nitrogen® in Amino nitragen determined 
me 7 , per comit of V* Present 
i + Ammonia 0.195 16 7 58 (Variable) 
Urea 0535 20 1.3 0.5 
Creatine 2.34 1.9 0.2 
Creatinine. . 2.02 1.7 0.2 
Uric acid 0.150 14.1 
4 Allantoin 0.710 20 33 13 
Uracil 0.400 100 0.0 0.0 
Adenine sulfate 0.986 375 (5) 00 0.0 
Guanine chloride 0.401 1m) (30) 17 1.1 (6) 
Hypoxanthine 0.121 0.0 0.0 
Thiamine chloride 37 (250) 1.2 (5) 
Nicotinic acid 2.) 250) 0.0 0.0 
Primary aliphatic amines 
Hvydroxylamine chloride 0080 16 2 (Variable) 
Tyramine 0.118 12 76 63 
Histamine hydrochloride 0. 126 3% (74) 
Benzedrine sulfate 0.270 » i290 
Cobefrin chloride 0.314 a 
i Secondary amines 
Dimethylamine chloride 316 23 7 (Variable) 
Ephedrine sulfate 0.200 
Adrenalin chloride 060 DW 100 Approximate) 
q Tertiary amines 
Trimethylamine chloride (see 
also Procaine) 1.70 2) 2 (Variable; poe 
sibly contam- 
inated with 
ammonia) 
; Amides and substituted amides 
(—CO—NH—) 
Acetamide... 0.140 33 0.0 
Acetanilide 0.193 0.0 00 
Acetylsulfanilamide 0. 266 2.1 (10) 
Succinvlsulfathiazole 0. 50s 11 (5) 
} Primary aromatic amines 
Aniline 0.105 16 16.0 100 
4 p-Aminobenzoic acid 12 11.2 93 (Ppts.) 
: p-Aminoacetophenone 0.194 » (Insoluble) 
4 Sulfanilie acid 25.1 125 
£ Procaine chloride (also con. 
tains a tertiary amine group) © 232 (S4) 
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Tarte Il—Concluded 


Amount 


Substance | | in Amino nitrogen determined 
per cont of N* present 
Orthoform 0.5 47 
Arsphenamine dichloride 0.316 20 35.7 178 
Mapharsen 0.317 22.5 35.3 157 
Sulfanilamide 0.246 (20) 19.2 (96) 
Sulfapyridine 0. 356 (20) 23.0 (115) 
Sulfathiazole 0. 365 (20) 46 (123) 
Sulfadiazine 0 357 (2) 22.3 (112) 
Sulfamerizine 0.378 (2) 23.7 (11S) 
Sulfaguanidine 0360 (DD) 17.8 (80) 


* Figures in parentheses refer to amino nitrogen and per cent of amino nitrogen. 
For the sulfonamide derivatives, these figures refer to the p-amino group on the 
benzene ring. 


and the amino purines. Besides reacting with all amino acids, the quinone 
yields similar but less intense colors with ammonia and primary aliphatic 
amines and some secondary amines. Primary aromatic amines react 
easily, yielding as much color as the amino acids; often the reaction takes 
place quickly at room temperature. In addition, urie acid and allantoin 
form compounds which are red in acid solution. When these substances 
are compared with amino acid standards at 490 my, 28 per cent of the uric 
acid nitrogen and 13 per cent of the allantoin nitrogen appear as amino 
nitrogen. At 520 my, the equivalence is 38 and 69 per cent respectively. 

The principal substances which occur naturally and which might lead to 
erroneous results in the estimation of amino acid nitrogen by this method 
are ammonia, uric acid, and allantoin. In blood and most tissues, none of 
these compounds is ordinarily in sufficient quantity to interfere seriously. 
Urie acid, the most concentrated of these compounds in blood, yields a 
color equivalent to 0.1 mg. per cent of amino nitrogen when it is present in 
a concentration of 1.0 mg. per cent. A correction may be applied when 
amino acid nitrogen is determined in bloods very high in uric acid. This 
method of estimating amino nitrogen could be applied to human urine only 
after the removal of ammonia' and of urie acid. In the urine of animals, 
allantoin would also interfere. 

Since aromatic amines react with the quinone reagent, the presence in 
blood of unconjugated aminobenzenesulfonamide derivatives would aug- 


' Permutit, which has been recommended for the removal of ammonia prior to 
the estimation of amino acids, was found in one experiment to remove a large part 
of the amino nitrogen from a mixture of amino acids. 
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ment the amino acid values obtained by this method. However, only 5 
to 8 per cent of the aminosulfonamides by weight is recorded as amino 
nitrogen (a level of 10 mg. per cent of free sulfanilamide in blood being 
equivalent to 0.8 mg. per cent of amino acid nitrogen); so that interference 
from this source is not extremely serious. Appropriate correctoins may 
of course be applied when necessary. The conjugated sulfonamides, such 
as acetylsulfanilamide or succinylsulfathiazole (sulfasuxidine), are rela- 
tively unreactive. The arsenicals, of which arsphenamine and mapharsen 
were tested, are not found in blood to an appreciable extent (5). 


Application to Blood 


Protein Precipitants—A number of blood protein precipitants have been 
tested as to which ones vield filtrates suitable for the application of this 
method. Tungstic acid filtrates have been found so far to be the most 
satisfactory. Zine hydroxide filtrates gave amino nitrogen values which 
were about half those obtained with tungstic acid filtrates and recoveries of 
added amino acids were low, indicating that some of the amino acids were 
carried down with the protein. Trichloroacetic, metaphosphoric, and 
sulfosalicylic acids develop a considerable amount of color with the naph- 
thoquinone reagent, with the result that the blank readings are too high for 
use with the photoelectric colorimeter. Since the presence of copper ions 
also increases the blank color and since many amino acids have insoluble 
copper salts, copper hydroxide and copper tungstate are also unsuitable 
precipitants. 

The tungstate filtrates may be prepared in the usual way, or, when only 
small amounts of blood are available, they are conveniently made by the 
procedure described by Shipley and Long (6). In this method, 0.2 ml. 
of blood is diluted with 10.0 ml. of x/70 sulfuric acid; the proteins are 
then precipitated by the addition of 0.2 ml. of 10 per cent sodium tungstate 
and removed by centrifugation. 4 ml. of such a filtrate of normal blood 
are a suitable amount to use, allowing duplicate determinations to be made 
on 0.2 ml. of blood. The reagent blank need contain no tungstate. Since 
the presence of more than traces of tungstate interferes with color develop- 
ment, filtrates containing a large amount of tungstate which has escaped 
precipitation may not be used, but normally no interference is to be ex- 
pected from this source. The amino acid content of tungstate filtrates 
kept under refrigeration remains constant for several days. 

Inasmuch as the amino acid content of the red blood cells may be much 
greater than that of the plasma, it may be preferable at times to carry out 
determinations on plasma itself. The same procedure is followed in this 
case as in the determination of amino acids in whole blood. 

Recovery of Added Amino Acids--A mixture of amino acids in the form 
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of casein hydrolysate was added to a series of 0.2 ml. samples of rat blood 
before protein precipitation with tungstic acid. The amino acid content 


Taste Ii! 


Amino N added to 


Amine Nin blood = | 0.2 ml. blood 
mr. per cont | 

16.1° 
16.1° | 
14.2° 18.0 
14.2° 18.0 
12.4 45.6 
12.4 | 45.6 
12.4 | 45.6 
12.4 | 45.6 
12.4 | 22.8 
12.4 22.8 

* Filter 520 used. 

Tasie IV 


Comparison of Colorimetric and Nitrous Acid Manometric Methods (on Tungstic Acid 
Filtrates of Whole Blood from Rats) 


Scurce of sample 


«me. per cent 


1. Normal rat 

2. 

ag * partially hydrolyzed casein 
added 

4. Normal rat; partially hydrolyzed casein 
added 

5. Normal rat; complete casein hydrolysate 
added 

6. Rat subjected to hemorrhage 

7. Eviseerated rat 

0. 

il. “ | 

12. 

* Filter 520 used. 


of the casein hydrolysate was determined by the colorimetric method on 
aliquots of the solution added to the blood samples. The recovery of 


Amino N in blood 
containing added N 


Recovery of Amino Acids (Casein Hydrolysate) Added to Blood 
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Recovery of added 
amino N 


mc. per cent 


25.4 


oF 


Colorimetric 


met 
amino N 


14.0° 
14.3° 


17.0 


Nitrous acid 


met 
amino N 


mec. per cent 


14.0 
14.0 


16.6 


per cent 


| 92 
| 
107 
103 
| a 
100 
99 | 
f | 97 
~ 
| per cent 
| 
+2 0 
|| +25 
15.6 15.7 0.6 
35.4 Oo 0 
24. | -1 6 
20.0 -O.7 
43.9 2 
34.0 
40.6 —5.2 
41.4 —3.5 
14.0 
| | 
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added amino acid in ten such experiments is given in Table III. The mean 
recovery was 99 per cent of that added. 

Comparison of Colorimetric and Nitrous Acid Methods Parallel deter. 
minations of the amino acid nitrogen content of tungstic acid filtrates of 
rat blood were made by the present colorimetric and Van Slyke manometric 
nitrous acid methods. The results are presented in Table IV. The agree. 
ment between the results of the two methods is fairly close, and there is no 
systematic discrepancy under these circumstances. 

Amino Acid Nitrogen Content of Blood-— In a series of twenty unanes- 
thetized normal rats fasted 24 hours, the amino acid nitrogen content of 
whole blood ranged from 14.3 to 18.2 mg. per cent, with a mean of 16.6 + 
0.342 mg. per cent. In two other series of normal fasted rats, the amino 
acid nitrogen of blood plasma was 7.72 + 0.49 mg. per cent and of serum, 
11.33 + 0.22 mg. percent. Ina few samples of human plasma, the average 
amino acid nitrogen content was 4.6 mg. per cent, and in eight human sera, 
6.3 mg. per cent. A similar difference between the levels of amino acid 
nitrogen in plasma and in serum was observed by MacFadyen (7), who 
attributed it to release of amino acids during clotting. 


DISCUSSION 


The reaction of 8-naphthoquinone sulfonate with amino acids and re- 
lated substances is a remarkable one in that such a wide variety of strue- 
tures leads to the formation of compounds whose colors are so similar both 
qualitatively and quantitatively. The reaction of the amino acids is 
believed to be analogous to the reaction of aniline with 8-naphthoquinone 
sulfonate, which has long been known (8). The quantitative vield of 
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similar color with aniline under the special conditions of our analysis seems 
to confirm this belief. With only a few of the compounds other than 
amino acids which we tested was some variation encountered in the colors 
produced. Orthoform and the arsenicals, in which the amino group & 
ortho to a phenolic hydroxyl, produced compounds which were deep pur- 
plish red in alkaline solution; however, in acid these substances were the 
orange-red typical of amino acid-naphthoquinone compounds. Adrenalin, 
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cobefrin (a primary amine containing, like adrenalin, a dihydroxyphenyl 
group), unc acid, and allantoin all yielded compounds which were much 
more red than the amino acid compounds. The reaction of the quinone 
with uric acid, which does not occur in the cold according to Folin, and 
with allantoin were surprising. None of the other compounds tested 
which contained similar structures, the purines, uracil (2,6-dioxy- 
pyrimidine), the imidazole ring in histidine, or urea, gave any color; so 
that the reactive group of uric acid and allantoin must be in the oxy- 
imidazole ring. It would appear that the presence of a carbonyl group here 
activates one of the adjacent imino nitrogen atoms, perhaps by allowing 
the ring to be split at that point when attacked by the quinone reagent. 

The colorimetric method described here has been so far applied only 
to the determination of amino acids in protein-free blood filtrates and to 
mixtures of amino acids. There appears to be no reason why it cannot 
be applied also to protein-free extracts of tissues and media from tissue 
metabolism experiments. Whether it can be used to determine amino 
nitrogen in such materials as partially hydrolyzed protein digests remains 
to be determined. Possible application of the method to the estimation of 
diamino acids is suggested by the quantitative yield of color of both amino 
groups in these compounds. Comparison of the results of the ninhydrin 
and colorimetric procedures on, for instance, a mixture of basic amino 
acids should give a measure of the amount of lysine present. 

None of the available methods for estimating amino acid nitrogen in a 
mixture of amino acids gives identical results with all amino acids or is 
absolutely specific for amino nitrogen. The results of formol, aleohol, and 
acetone titrations vary with different amino acids, depending upon the 
choice of initial pH and other analytical conditions; they also are not 
specific for amino acids, being affected particularly by the presence of 
other organic acids (2). The nitrous acid reaction is a general one for 
primary amines, of which, of course, amino acids and their derivatives are 
the principal representatives in most biological material. Under the 
usual analytical conditions, nitrous acid reacts with 25 per cent of the 
ammonia nitrogen and 7 per cent of any urea nitrogen present. The pro- 
lines do not vield nitrogen gas with nitrous acid, the second amino group of 
lysine reacts slowly, and the results with glycine and cystine may be high. 
The ninhydrin gasometric (or titrimetric) procedure is the most specific, 
measuring free carboxy! nitrogen almost exclusively; but it does require 
small corrections for urea and for proteins when these are present (7). 
The quantitative results of this reaction with different amino acids depend 
to a considerable extent upon the conditions chosen for analysis, and in 


* This means that peptides do not ordinarily yield carbon dioxide; but glutathione 
gives one carboxy! per mole, equivalent to one-third of its total nitrogen. 
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any one set of circumstances used for the analysis of a mixture of amino 
acids, some compromise is necessary (9). At pH 2.5, recommended for 
the analysis of most complete mixtures of amino acids, aspartic acid vields 
two carboxyl groups for one nitrogen, lysine gives up somewhat more than 
the equivalent of one carboxy! per mole, and the results with tryptophane, 
cystine, and glycine are low. In the light of these considerations, it ap- 
pears that the present colorimetric method is the equal of other available 
reactions for the quantitative estimation of amino nitrogen in a mixture of 
amino acids. The method is exceeded in specificity by the ninhydrin re- 
action, but considering the nature of substances likely to be present in most 
biological material, the specificity of the colorimetric procedure, like that 
of the nitrous acid method, is sufficient to make it practicable in most cir- 
cumstances. The colorimetric method is of course not expected 
to replace the precise manometric techniques, but its greater sensitivity 
and simplicity recommend it as an additional method for estimating 
amino acid nitrogen. 


SUMMARY 


A convenient and sensitive procedure for estimating amino acid nitrogen 
has been described for use with a photoelectric colorimeter. The method 
is applicable to samples containing 4 to 40 y of amino nitrogen and permits 
duplicate determinations to be made upon 0.2 ml. of blood. Recovery of 
amino acids added to blood is complete, and agreement of the results with 
those of the Van Slyke nitrous acid method is satisfactory. 

The visible absorption spectra of the compounds formed by the reaction 
of the color reagent (8-naphthoquinone sulfonate) with seventeen amino 
acids were obtained. 

Quantitative measurements were made of the reaction of twenty-one 
amino acids and of a number of other nitrogenous substances. The ac- 
curacy of the estimation of amino nitrogen in mixtures of amino acids and 
the specificity of the reaction are sufficient to allow application of the 
method to most biological material. 
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THE VERATRINE ALKALOIDS 
XIX. ON PROTOVERATRINE AND ITS ALKAMINE, PROTOVERINE 


By WALTER A. JACOBS ann LYMAN C. CRAIG 
(From the Laboratories of The Rockefeller Institute for Medical Research, New York) 


(Received for publication, May 19, 1943) 


Protoveratrine is a sparingly soluble alkaloid which comprises an ap- 
preciable fraction of the erystallizable alkaloids of Veratrum album. It 
was first isolated by Salzberger (1), who ascribed to it the formulation 
CeHyOy,N. This formulation has since been revised to CyHgOuN by 
Poethke (2), who succeeded in isolating from it on alkaline hydrolysis 
acetic acid, methylethylacetic acid, and methylethylglycolic acid. A sup- 
posed alkamine, protoverine, for which a corresponding formulation, 
CxyHgOwN, was assumed, was obtained with difficulty and only in amor- 
phous form and no crystalline derivatives were prepared from it. Pro- 
toveratrine was thus concluded to be the triacyl ester of the alkamine, 
protoverine. 

la our previous communication on the dehydrogenation of protovera- 
trine itself (3), we have described the production of 2-ethyl-5-methyl- 
pyridine, which had already been shown to be a characteristic basic dehy- 
drogenation product from cevine (4) and jervine (5), and which more 
recently has been found to be a product also from rubijervine (6), germine 
(7), and from the potato alkamine, solanidine (8).'_ In addition, the 
formulations of jervine, rubijervine (and isorubijervine), and germine have 
been revised to Ce HeO nN, and CxHgOsN, respectively, so 
that, like cevine, CyHgOyN, and solanidine, Cz;HgON, they are all C2; 


' Since the appearance of our paper (8) on the correlation of the veratrine alkaloids 
with the potato alkaloids, the recent article of Prelog and Szpilfogel (9) has reached 
uw. These workers have also shown that the base which results on dehydrogenation 
of solanidine is 2-ethyl-5-methy!lpyridine. They have confirmed our earlier con- 
clusions as to the identity of this base by its comparison with a base obtained by 
synthesis. They have adopted the same structural hexacyclic arrangement of the 
ring «system for solanidine which we have already clearly expressed in the case of the 
veratrine alkaloids (10) with the exception of the possibility that Ring B can be 5- 
membered. Our discussion contained also the definite suggestion of a resemblance 
to the picture to be found in the case of the potato alkamine, in which, however, Ring 
B must be 6-membered as in the sterols, since Diels’ hydrocarbon had been obtained 
from it on dehydrogenation. At that time, it was already our intention to test this 
suggested analogy by a similar study of the solanum alkamines, the results of which 
we have since published. We shal! continue to regard the solanum alkamines as 
a subject of our studies, since they are members of the general group to which the 
veratrine alkaloids also belong. 
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derivatives. In view of the apparent discrepancy in the case of protovera- 
trine, we have returned to a study of this alkaloid. 

It has now been found possible to isolate the alkamine, protoverine, 
in crystalline form by continuous extraction of the saponification mixture 
with chloroform. As will be presented further on, preliminary saturation of 
the diluted mixture with CO, was found necessary to reduce to a minimum 
isomerization to an tsoprotoverine. Protoverine readily crystallized on 
concentration of the chloroform extract with chloroform of crystallization. 
This permitted its sharp separation from isoprotoverine, which remained 
in the mother liquor. Protoverine also crystallized from methanol and 
from water with solvent of crystallization. Analyses of the anhydrous 
substance have agreed with the formulation CyHgeOQN and not with 
CosHgOywN, as derived by Poethke. This formulation has been supported 
by the results obtained with a number of its derivatives. Attempts to 
hydrogenate protoverine with platinum oxide catalyst as the free base, 
or as the hydrochloride in methanol, were unsuccessful. However, on 
reduction with sodium in butanol, a dthydro base, Cez7HwO)N , was obtained. 
The same dihydro base was obtained also from isoprotoverine described 
below. Whether it is to be regarded as a dthydroprotoverine or dihydroiso- 
protoverine has not as yet been determined. 

Although the hydrochloride of protoverine could not be made to crystal- 
lize, the alkamine readily formed a crystalline acelonylprotoverine hy- 
drochloride, which in turn yielded the crystalline acctonylprotoverine, 
CyoHgzO,.N. The formation of this derivative parallels that of acetonylger- 
mine (7) and indicates that two of the hydroxyl groups in each of these 
alkamines are situated on 2 vicinal carbon atoms, or on carbon atoms 
removed by an intervening carbon atom. It is probable that these posi- 
tions will be found to be identical in both of these alkamines. 

The chloroform mother liquor of the above protoverine-chloroform 
compound after removal of solvent yielded material which crystallized from 
methanol as needles contaminated with prisms of protoverine, which were 


separated by fractionation. The needles were found to consist of tseproto-— 


verine, Cz7HgO.N. This substance was shown to be the result of the 
isomerizing action of alkali on protoverine, since the latter, when treated 
under certain conditions with alkali, was partly converted into isoprotover- 
ine. If too strong alkali or too high a temperature was employed, the 
alkamine was further altered with the formation of a deep yellow solution, 
from which very little crystalline material could be isolated. 

Contrary to protoverine, isoprotoverine could be hydrogenated to a 
dihydroisoprotoverine, CzHwO,N, which was distinct from the product 
of the sodium reduction described above. This isomerism is probably 
due to the different position occupied by the double bond in each of these 
bases. As will be presented in a subsequent paper, a parallel picture is to 
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be found in the relationship between germine and isogermine. Although, 
as in the case of protoverine, isoprotoverine was found to react with ace- 
tone, no crystalline product could be obtained from the reaction mixture. 

The formation of dihydro derivatives from protoverine, together with 
other observations, points definitely to the presence of a double bond 
in thie alkamine. Like cevine, germine, and rubijervine, protoverine 
behaves as a tertiary base. The results of the active H determinations 
were in close agreement with the presence of nine hydroxyl groups in the 
alkamine. In support of this, acetonylprotoverine gave approximately 7 
moles of methane as required by the presence of seven free OH groups. 
This conclusion was further supported by the result of the Zerewitinoff 
determination on the alkaloid protoveratrine itself. This approximated 
the requirements of seven free OH groups. Although the alkaloid must 
be a triacy! ester of protoverine, the extra OH group is contained in the 
a-hydroxymethylethylacety! group. Since it contains nine hydroxyl 
groups and one double bond, protoverine, Cz;HgO,N, like cevine, germine, 
and solanidine, must therefore be a hexacyclic tertiary sterol (or modified 
sterol) base. 

As the triacyl ester of protoverine with acetic, methylethylacetic, and 
hydroxymethylethylacetic acids, the formulation of protoveratrine, there- 
fore, must be Cel gOgN. All of our attempts to obtain proper analytical 
results with the alkaloid after repeated recrystallization, however, have not 
been satisfying. It is possible that retention of solvent may have con- 
tributed to this result. Somewhat better analytical results were obtained 
with the alkaloid which had been recovered after exposure to the conditions 
for the production of an acetony! derivative, such as that used in the 
ease of its alkamine, protoverine. The failure to form such an acetony! 
derivative shows that one or both of the hydroxyl groups responsible 
for this function in the alkamine must be covered by acylation in the 
alkaloid. It is probable that one of the acylated OH groups must be 
situated on carbon atom 3 of the sterol or modified sterol skeleton. This 
point will be discussed further in a subsequent paper. 


EXPERIMENTAL 


Protoveratrine— For the isolation of this alkaloid from the crude benzene 
extract of mixed alkaloids, we have followed essentially the procedure 
outlined in our previous paper (3). The analytical results from the 
material obtained by a repetition of our previous recrystallization pro- 
cedure have been essentially duplicated. Again the substance separated 
on addition of ammonia to the solution of the acetate in alcohol as small 
four-sided platelets which decomposed at 275° (uncorrected)? after pre- 


* The uncorrected melting points were taken in the usual manner, but not corrected 
for stem exposure. The others are corrected micro melting points. 
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liminary darkening and sintering. The decomposition point depended 
upon the rate of heating. When the substance was dried both at 129° 
(a) and 140° (6) at 2 mm., no appreciable loss could be noted. 


On. Calculated. Cc 62.28, H 
Found. (a) 61.48,** 7.95 
(6) “ 61.76, 7.72 
This material was recrystallized several times by addition of ether to 
the chloroform solution. No retention of solvent could be detected on 
drying. 


Found, C 61.28, H 8.11 


Similar results were obtained when recrystallization was accomplished 
by addition of 95 per cent alcohol to the solution in chloroform, followed 
by boiling off the chloroform. The substance separated as six-sided plate- 
lets and prisms, which decomposed at 275° (uncorrected) after preliminary 
discoloration. 


Found, C 61.48, H 7.98; C 61.56, H 7.94 


3.720 mg. of substance gave 0.910 ec. of CH, (25°, 745.3 mm.); at 95° 
there was no change. Found, H 0.99; calculated for 7H, 0.94. 

Protoveratrine was then treated with acetone and HC! under condi- 
tions which caused the production of an acetony! derivative from protover- 
ine as follows: Although the alkaloid itself was recovered, the an: lytical 
data approached more nearly the theoretical values. 

0.1 gm. of protoveratrine was suspended in 2 cc. of acetone and contin- 
uously treated with HCI (1.19) until acid to Congo red and solution was 
complete. The mixture could not be made to crystallize, even on addition 
of ether. After dilution with water, the mixture was promptly made 
alkaline and extracted with ether. The latter on concentration gave the 

cinal alkaloid. 


Found, C 61.91, H 8.02 


In another experiment, the acidified acetone solution of the alkaloid 
was allowed to stand for 20 hours. It was treated directly with Na;CO, 
solution, then diluted, and extracted with chloroform. The extracted 
material crystallized from ether as six-sided platelets. 


Found, C 61.54, H 8.08 


In an experiment in which the mixture stood for 3 days, similar results 
were obtained. The substance recrystallized from chloroform-ether 
decomposed at 280-283° (uncorrected) after preliminary darkening. 


Found, C 61.87, 61.55, H 7.68, 8.16 
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Protoverine—3.8 gm. of protoveratrine were treated with 26 cc. of a 
solution of 4 gm. of NaOH in 100 ce. of methanol. Gentle warming caused 
rapid solution and the odor of fatty acid esters quickly became apparent. 
After about 7 minutes warming, the weakly colored solution was cooled, 
made just acid with dilute H,S0,, and then made faintly alkaline to 
phenolphthalein with NaeCO, solution. The mixture after dilution to 
about 100 cc. was placed in a special continuous extractor for extraction 
with chloroform. ‘The condensed chloroform, which fell in a continuous 
spray through the aqueous mixture to a lower chloroform layer, con- 
tinuously passed through an overflow into the flask of boiling chloroform 
below. After about 20 hours, the extraction was interrupted. The flask 
contained a copious suspension of delicate needles. The collected material 
amounted to 1.8 gm. 

For recrystallization, the chloroform compound was dissolved in a 
necessarily large volume of methanol and concentrated to 20 cc. The base 
separated as small, glistening, sparingly soluble prisms. The yield was 1.28 
gm. It softened gradually to a slowly effervescing resin at 195-200°, after 
preliminary sintering. The melting point, however, varied with different 
preparations, which was due, apparently, to a varying solvent content. 


lal, = —12° (ce = 0.96 in pyridine) 
For analysis, the substance was dried at 120° and 2 mm. 


CyHeON-2CH,OH. Caleulated, CH,OH 10.87; found, 9.92 
CeHeOwN. 61.67, H 8.25 
Found. (a) 61.45, 8.30 
(6) “ 62.06, 8.32 


A sample of the substance was dissolved by heating in a small volume 
of diluted methanol and, after addition of sufficient water, the methanol 
was boiled off. The base gradually crystallized as prismatic needles, 
which slowly softened to a melt at 210-216° (uncorrected). The aqueous 
solution foamed readily. 

For analysis, the substance was dried at 120° and 2 mm. 


CyeHeOwN-HO. Caleulated, H,O 3.31; found, 3.22 
Anhydrous Substance—-Found, C 61.37, H 8.33. 


3.685 mg. of substance gave 1.58 cc. of CH, (26°, 729.4 mm.); at 95° 
there was no change. Found, H 1.69; calculated for 9H, 1.73. 

When the chloroform mother liquor of the above chloroform compound 
of protoverine was concentrated in vacuo to dryness, the resinous residue 
weighed 1.24 gm. When dissolved in a small volume of methanol, it 
readily crystallized on rubbing as minute platelets mixed with prisms and 
occasionally needles. After collection with methanol, 0.63 gm. was 
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obtained. On treatment with chloroform, this was found to yield ap 
additional amount of the chloroform compound of protoverine. The 
mother liquor of this contained a small amount of isoprotoverine. If the 
diluted saponification mixture was not first made weakly alkaline, as 
described above, before the continuous extraction with chloroform, 4 
larger proportion of isoprotoverine was obtained as described below under 
isoprotoverine. 

Acetonylprotoverine—80 mg. of protoverine were suspended in 1 ee. 
of methanol and then brought into solution with sufficient HCI] (1.19) te 
render the mixture distinctly acid to Congo red. On cautious addition of 
acetone to the initial precipitation point, the precipitate gradually redis- 
solved, and it soon became possible to continue the addition of acetone 
without the formation of the amorphous material. On being rubbed, the 
hydrochloride of the acetony! derivative crystallized in excellent yield. 
On recrystallization from methanol-acetone, it separated as microscopic 
aggregates of short, flat needles which melted with decomposition at 
278-281° (uncorrected) after preliminary discoloration and sintering. 

For analvsis, the salt was dried at 110° and 2 mm. 


CsoHyOeNCl. Caleulated, C 59.82, H 8.04; found, C 59.62, H 8.10 


The free base was readily obtained by addition of an excess of Na,CO, 
solution to the solution of the salt in 50 per cent methanol. For recrystal- 
lization, a relatively large volume of methanol was required and, when 
concentrated to smaller volume, acetonylprotoverine separated as micro- 
scopic flat needles or elongated platelets. After initial sintering and 
coloring above 235°, it gradually melted to a dark mass at 253-256° (un- 
corrected). 

CyHgOwN. Caleulated, C 63.67, H 8.38; found, C 63.58, H 8.45 


4.797 mg. of substance gave 1.40 ec. of CH, (26°, 729.4 mm.); at 95° 
there was no change. Found, H 1.15; calculated for 7H, 1.25. 

Reduction of Protoverine (Dihydroprotoverine?)—2 gm. of sodium were 
added to a boiling solution of 0.5 gm. of protoverine in 20 cc. of butanol, 
and the mixture was at once vigorously shaken. The reaction mixture 
colored when air gained access to it. After completion, the chilled mixture 
was treated with water and saturated with CO,. The butanol was removed 
under reduced pressure, and the diluted mixture was continuously ext: acted 
with chloroform overnight. The accumulated chloroform extract con- 
tained crystalline material. After concentration to small volume, the 
crystals were collected with chloroform. The yield was 0.16 gm. For 
recrystallization, the product was dissolved in a necessarily large volume 
of methanol. After concentration to 10 cc., it separated without solvent 
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as micro platelets which, although mostly irregular, showed a tendency 
to be triangular. (Under the microscope, it did not exhibit a real melting 
point. It began to show decomposition above 300°, which gradually 
increased in rate, especially at 330-335°. 
lal, = —° (c = 0.50 in pyridine) 
Caleulated. C 61.44, H 8.60 


Found. (a) “ 61.34,°° 8.53 


Isoprotoverine—In a number of experiments in which the precaution 
was not taken to neutralize the saponification mixture before extraction, a 
larger proportion of this alkamine resulted. The mother liquors of the 
chloroform compound of protoverine, which had accumulated from the 
saponification of 15 gm. of protoveratrine, were concentrated to remove 
chloroform. The residue was dissolved in a small volume of methanol 
and then diluted with water and, after addition of Na:CO, solution, the 
mixture was reextracted in a continuous extractor with chloroform for 
2 hours. The chloroform extract on concentration yielded a slowly 
erystallizing fraction of needles, which proved to be isoprotoverine. The 
filtrate was concentrated and the residual chloroform was boiled off after 
addition of methanol. From a volume of about 20 cc. of methanol, a 
copious separation of needles occurred. This fraction of the isoalkamine, 
together with what crystallized directly from the above concentrated 
chloroform solution, amounted to 1.06 gm. The methanol mother liquor 
on further concentration formed a thick paste of a mixture of needles of 
isoprotoverine and rosettes of stouter crystals of protoverine. 

Isoprotoverine separated on recrystallization from methanol as needles 
or thin, short prisms, which were practically without solvent. It began to 
color above 240°, then sintered and darkened on further heating, and 
eflervesced at 264° (uncorrected). 


lalp = —42° (c = 0.99 in pyridine) 
CyeHeOwN. Caleulated. C 61.67, H 8.25 
Found. (a) 61.54, 8.34 


Attempts to obtain a crystalline hydrochloride were unsuccessful. 

The same substance was obtained directly from protoverine as follows: 
0.2 gm. of protoverine was dissolved by warming in a mixture of 1 cc. of 
methanol and 3 cc. of H,O. 1 cc. of N NaOH was added and the solution 
was warmed to 50° for 2hours. After a few minutes, a turbidity developed 
which gradually increased to a deposit. The solution was treated with 
5 ec. of methanol and diluted to about 80 cc. The mixture was extracted 
with chloroform for 18 hours in a continuous extractor. The addition 
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of methanol helped to reduce the tendency to form an emulsion during the 
extraction. The chloroform extract on concentration to a few cc. vielded 
a paste of needles which were collected with chloroform. 67 mg. were 
obtained. This consisted of unchanged protoverine. The mother liquor 
was concentrated to remove solvent and again dissolved in a little chloro- 
form. A small second fraction was collected. Finally, a third small 
crop was obtained. 

The final mother liquor was freed from chloroform by boiling down 
with methanol. The residue weighed 0.11 gm., representing roughly 3 
per cent of transformed starting material. The solution in a small volume 
of methanol crystallized first as a mixture of pointed micro platelets, 
followed by a mass of delicate needles. The collected material weighed 
53 mg. The homogeneity of the substance remained in question, since 
it did not dissolve completely in chloroform. By rapid fractionation from 
methanol, it was possible to remove first a rapidly crystallizing, small 
fraction of protoverine. This was followed by a fraction of needles of 
isoprotoverine. 

The substance so obtained sintered above 200°, then gradually softened 
and darkened on further heating. The mass then melted with effer- 
vescence at 254° (uncorrected). 


lal) = —37° (c = 0.70 in pyridine) 


For analysis, it was dried at 110° and 2 mm., since it was found to 
contain solvent. 
C.;HwgOsN. Caleulated, C 61.67, H 8.25; found, C 61.63, H 8.25 


As a check on identity, this substance was found to yield the following 
dihydro derivative. 

Dihydroisoprotoverine—).1 gm. of isoprotoverine (which had been ob- 
tained as a by-product on saponification of the alkaloid) was hydrogenated 
in methanol with 50 mg. of platinum oxide catalyst. The absorption was 
roughly 1 mole in excess of that required by the catalyst. During the 
hydrogenation, the substance which gradually dissolved was replaced by 
a suspension of the sparingly soluble product. A relatively large volume 
of a mixture of methanol and chloroform was required to redissolve the 
substance for separation from the catalyst. The filtrate, after concentra- 
tion to remove the chloroform, yielded the substance as microscopic, short, 
flat needles or narrow platelets which contained solvent. In the micro 
melting point apparatus, it showed a slow decomposition at 315-320° after 
preliminary softening and discoloration. When treated under the micro- 
scope with a drop of water, it first dissolved and then crystallized again 
as delicate needles, apparently due to interchange of solvent. 


lal, = —49° (c = 0.67 in pyridine) 
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For analysis, the substance was dried at 120° and 2 mm. 


Caleulated, CH,OH 10.82; found. 10.61 
Substance Caleulated. C 61.44, H 8.60 
Found. (a) ‘* 61.29, ** 8.63 
(6) ** 61.40, ** 8.50 


Isoprotoverine, which was obtained by isomerization of protoverine, 
yielded on hydrogenation a substance indistinguishable in properties from 


the above. 
Anhydrous Substance—Found, C 61.44, H 8.46. 


All microanalyses and active H determinations were performed by Mr. 
D. Rigakos of this laboratory. 
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THE EFFECT OF PYRIDOXINE DEFICIENCY IN THE RAT 
UPON THE CATALASE ACTIVITY OF ITS TISSUES 


By SAMUEL LEPKOVSKY ann DELLA PARSONS 


(From the Division of Poultry Husbandry, College of Agriculture, University of 
California, Berkeley) 


(Received for publication, May 10, 1943) 


Fouts ef al. (1) have shown that pyridoxine is essential for hemoglobin 
formation in the dog. This observation has been abundantly confirmed 
(24). Pyridoxine has also been shown to be essential for hemoglobin 
formation in the pig (5-7). There are fewer such data for the rat. The 
rat also seems to require pyridoxine for hemoglobin formation, though the 
anemia produced in pyridoxine-deficient rats does not seem to be as severe 
(8) as that produced in pyridoxine-deficient dogs and pigs. 

Since pyridoxine is essential for the synthesis of hemoglobin, an iron- 
porphyrin complex, it seemed worth while to determine whether it was also 
essential for the synthesis of other iron-porphyrin complexes such as 
catalase, the cytochromes, and indophenol oxidase. The effect of pyridox- 
ine deficiency on the catalase content of pyridoxine-deficient rats has been 
studied with two different groups of rats, and, since there was little differ- 
ence between the groups, they are reported as one group. 


EXPERIMENTAL 


Care of Rats and Preparation of Factor 2 Concentrates—The rats were fed 
the pyridoxine-deficient diet previously described (9) plus 200 y daily of 
synthetic calcium pantothenate.' The Factor 2 concentrates used were 
prepared as described (9) from rice bran extract (vitab rice bran concen- 
trate, Nopco)* and from a liver fraction soluble in 93 per cent ethyl al- 
cohol.? The equivalent of 0.16 gm. of liver fraction was fed daily. 

The rice bran concentrate after treatment with fullers’ earth still con- 
tained appreciable amounts of pyridoxine. This was removed by a single 
treatment with charcoal, 0.5 gm. of charcoal being used for each cc. of rice 
bran concentrate. 0.2 cc. of the concentrate was fed daily. 

Physiological Food Control of Paired Fed Rats—Each pyridoxine-de- 


' The synthetic vitamins used in this investigation were given to us by Merck and 
Company, Inc., Rahway, New Jersey. 

*The vitab rice bran concentrate was given to us by The Vitab Corporation, 
Emeryville, California. 

* The liver fraction was kindly furnished by Eli Lilly and Company, Indianapolis, 
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ficient rat was controlled by a rat similarly fed and housed but getting 2% 
y daily of pyridoxine. To obtain as exact a physiological food control as 
possible, correction had to be made for the increased efficiency in the 
utilization of food by the rat receiving pyridoxine (10). This was roughly 
accomplished by feeding the pyridoxine-fed rat 10 per cent less food than its 
deficient paired fed mate. As a result of this procedure the deficient and 
control rats in six pairs out of eleven were almost equal in weight. Of the 
remaining five pairs of rats, the efficiency in the utilization of food by the 
pyridoxine-fed rats was so much greater than that of their deficient paired 
fed mates that they were heavier even though they received 10 per cent less 
food. This difference in weight did not seem to affect the catalase activity 
of the rat tissues. 

Catalase Determination and Preparation of Tissues--The method de- 
scribed by Balls and Hale (11) as modified by Bedford and Joslyn (12) was 
closely followed. The only change made was the introduction of 1 gm. of 
glucose directly into the reaction flask instead of in a solution of about 40 
ec. of water (12). The volume was then made up with phosphate buffer 
to 49 cc., after which 1 cc. of 0.2 ~ hydrogen peroxide was introduced. 
This change was made on the suggestion of Dr. M. A. Joslyn to whom we 
are grateful for guidance in the catalase determination. The catalase 
determinations are reported as catalase activity per gm. of wet tissue (12). 

A weighed portion of perfused tissue was very finely ground in a homo 
genizer (13) in 1 to 2 ec. of a phosphate buffer (12). The fibrous portions 
of the tissues were centrifuged out and the solution further diluted with 
phosphate buffer until the solution contained | gm. of wet tissue per 100 
ec. of solution. Care was taken in the killing of the deficient rat and its 
paired fed control to keep all possible factors as uniform as possible, es 
pecially time, so that possible differences in catalase activity of the tissues of 
the controls and deficient rats would not be due to the technique in the 
determination of catalase. 

Catalase Activity of Tissues of Normal Rats—In order to decide what 
tissues should be used for catalase determinations, a search was made in the 
literature for data on the catalase activitv of normal rat tissues. Such 
data were scarce and fragmentary. ‘This information was therefore ob 
tained preliminary to the study of the catalase activity of the experimental 
rats. The tissues of two rats were analyzed and their catalase activity & 
given in Table I. 

Catalase Activity of Pyridoxine-Deficient Rats—The tissues chosen for 
study were the liver, kidney, and heart and the results are shown in Table IL 

The difference in catalase activity in the tissues of rats as a result of | 
pyridoxine deficiency, although almost always in favor of the control, is not 
significant as judged by the ¢ test. This is in contrast to the results ob- 
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Taste I 
Catalase Activity in Tissues of Normal Stock Rats (Female) 


| Catalase activity 
Liver Kidney Spleen Lung Fat | Brain “Adrenals Muscle R. b.c. 
days ™. | | | | 
49.80 556 6.70 1.15 | 0.38 | 3.72 0 46.50 
2038 «(166.7 1.02, 4.60 0 48.00 
Taste Il 
Catalase Activity of Tissue of Experimental Rats 
| | Catalase activity 
Pair No. | Group No. Age | Treatment Weight 
| Liver | Kidney | Heart 
days | em. | | 
] 3 395 Control | 214 132.0 | $.3 | 4.3 
Deficient | 213 1928.6 | 44.3 | 3.3 
2 5 321 Control 158 1299.5 56.6 4.9 
| Deficient 163 «dT 4.1 
| Deficient 162 | 115.5 73.2 | 4.8 
4 | 7 330 Control | =47.5 | 4.3 
Deficient |= 122 | 123.0 59.4 | 3.6 
5 | s 392 Control | 181 | 133.0 44.6 
| Deficient 161 | 127.0 | 39.8 | 
6 270 Control 186 141.0 | 54.6 4.6 
| Deficient 155 | 142.8 57.2 | 4.5 
Deficient 175 137.0 
8 | 15 271 Control 194 125.0 42.5 | 5.0 
| Deficient 196 | 138.1 | 38.5 | 4.7 
9 | 1 141 Control 100 | 19.0 | 48.8 | 4.7 
| Deficient 101 | 138.0 | 47.8 | 4.4 
© | 18 138 Control «10 | 140.0 46.5 | 4.0 
Deficient 107 138.0 51.0 | 4.4 
n | Control 145.0 56.5 5.2 
| Deficient 70 |= 5.2 
Average, control ieee. 136.0 | 53.2 | 4.8 
“ deficient 131.9 | 52.7 | 4.3 
“ difference....... 0.45 0.54 
| 1.4281 0.18 | 1.233 
>0.10 | >0.80  >0.20 


tained with copper- and iron-deficient rats (14) in which the catalase ac- 
tivity of the liver and kidney tissues was decidedly lower than that of the 
control rats. 
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CONCLUSION 


Deficiency of pyridoxine does not cause any significant change in the 


catalase activity of the liver, kidney, and heart tissues of rats. 
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PRODUCTION OF THIAMINE DEFICIENCY DISEASE BY THE 
FEEDING OF A PYRIDINE ANALOGUE OF THIAMINE 


By D. W. WOOLLEY anp A. G. C. WHITE 
(From the Laboratories of The Rockefeller Institute for Medical Research, New York) 


(Received for publication, May 6, 1943) 


The production of bacterial growth inhibitors derived from acidic 
vitamins by the substitution of a sulfonic acid group for the carboxyl group 
of the vitamin is now well known. Thus sulfanilamide, the sulfur analogue 
of p-aminobenzoic acid (1), pyridine-3-sulfonic acid, the analogue of 
nicotinic acid (2), and thiopanic acid, the analogue of pantothenic acid 
(3-5), have been shown to prevent growth of certain microorganisms. 
Since addition of the analogous vitamin to cultures inhibited by one of 
these compounds restored growth, it seemed that the sulfonic acids caused 
failure of growth by producing deficiencies of the growth factors struc- 
turally related to them. However, these three sulfur analogues did not 
cause deficiency diseases when fed to animals (6,7). The only deficiency 
diseases thus far produced in animals by the feeding of structurally similar 
compounds have been the hypoprothrombinemia caused by administration 
of 3,3’-methylenebis|4-hydroxvcoumarin}] (related to vitamin K) (8), 
and the scurvy-like disease caused by glucoascorbic acid.' Since a study 
of the action of these inhibitors related to the vitamins may provide a 
key to the study of the mode of action of the vitamins,' an attempt has 
heen made to discover such inhibitors derived from some of the other 

The work of Erlenmeyer (9) suggested that physiological activity 
was partially retained in compounds in which sulfur in a ring system was 
interchanged with —-CH:CH—. Others (10, 11) have endeavored to show 
that such an alteration in nicotinic acid (to yield thiazole-5-carboxylic 
acid) and in thiamine (to vield 2-methyl-4-amino 5-pyrimidylmethyl- 
(2-methyl-3-hydroxyethyl) pyridinium bromide) wov)d result in com- 
pounds with vitamin action. However, Robbins (12) has shown recently 
that the latter substance, the pyridine analogue of thiamine, had no 
growth factor action, and actually inhibited growth of certain fungi. 

It has now been observed that the feeding of 2-methyl-4-amino-5- 
pyrimidyimethyl-(2-methyl-3-hydroxyethyl)pyridinium bromide to mice 
maintained on an adequate diet caused a fatal disease, with many of the 
characteristic symptoms of thiamine deficiency as seen in other species. 
For the sake of brevity, the pyridine analogue of thiamine has been named 


' Woolley, D. W., and Krampitz, L. O., unpublished data. 
285 


m, 16, 

1940 
Biol 
194] 
., 
, and a 
M2). 
1936) 
| F 

| 

4 

4 

| 


> 


4 
| 


. 


286 DISEASE FROM PYRITHIAMINE 


pyrithiamine. The disease produced by pyrithiamine administratiog 
was prevented or cured by the giving of sufficient amounts of thiamine 
When mice were fed a ration free of thiamine, no characteristic symptoms 
such as are seen in other species, were observed (13). The animals merely 
ate less and less, lost weight, and died. However, with administration 
of pyrithiamine, many characteristic symptoms of thiamine deficieney 
were seen in all animals. By variation of either the amount of thiamine 
or of pyrithiamine fed, it was found that about 40 molecules of pyrithiamine 
would nullify the effect of 1 molecule of thiamine. Hence, pyrithiamine 
was one of the most active vitamin antagonists thus far studied. 


EXPERIMENTAL 


Materials and Methods—-Pyrithiamine was synthesized according to the 
directions of Tracy and Elderfield® (14). It was administered by giving 
0.02 ec. of a solution of desired concentration orally three times daily. 
Each dose during the day was 4 hours removed from the previous one. 

Weanling mice (approximately 12 gm.) were kept in individual cages 
equipped with screen bottoms and fed the following ration: sucrose 76 gm. 
vitamin-free casein 18 gm., salts (15) 5 gm., fortified corn oil (16) 1 gm. 
thiamine 80 y, riboflavin 500 ¥, nicotinic acid 10 mg., pyridoxine 200 7, 
calcium pantothenate 2 mg., choline 10 mg., and inositol 100 mg. Such 
a ration was previously found adequate for mice (17). Each mouse ate 
about 2 gm. of this ration per day, ani hence received 1.6 y of thiamine. 
In the later experiments of this series, thiamine was omitted from the 
ration and administered orally once daily. The mice were weighed twice 
weekly. 

Production of Disease--When sufficient pyrithiamine was given, the fol- 
lowing sequence of events was observed in all animals with great regularity. 
Similar symptoms were seen to appear in every member of a group within 
24 hours from the time the first mouse was affected. The animals failed 
to grow or lost weight, but there was no severe anorexia such as was seen 
in mice fed a thiamine-free ration. On the 4th or 5th day, they became 
very inactive and assumed a hunched posture. Then tremors and oe 
easionally convulsions appeared, which were particularly marked when 
the animals were picked up by the tail. Somewhat later, spasticity, 
especially of the legs, appeared. Soon it was noted that when the mice 
attempted to stand erect on their hind legs, they would fall over backwards. 


?A part of the 2-methyl-3-hydroxyvethylpyridine used in the synthesis was sup 
plied by Dr. M. Rubin of Wallace and Tiernan Products, Inc. The 2-methyl+ 
amino-5-bromomethylpyrimidine hydrobromide used in the synthesis was donated 
by Dr. T. Jukes of Lederle Laboratories, Inc., and Dr. J. C. Keresztesy of Merek 
and Company, Inc. We wish to thank these men for their cooperation. 
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Violent jerking of the head backwards was also seen. Then the legs became 
weak and unable to support the body. This weakness always appeared 
on one side first and caused the animals to walk in circles. Following this, 
both sides became affected. Finally, all legs were affected to such an 
extent that the animals assumed a characteristic pose, lying on their 
bellies with the legs spread out on each side at right angles to the body. 
Shortly thereafter (within 24 hours) they died. No mouse survived longer 
than 3 days from the onset of symptoms. Data regarding responses to 
various dose levels of pyrithiamine are summarized tn Table I. Except 
where otherwise stated, the experimental period was 2 weeks. 

Cure and Prevention of Disease with Thiamine—-A group of five mice was 
given 20 mg. of pyrithiamine daily until they had reached the stage at 


Taste I 
Response of Mice to Various Doses of Thiamine and Pyrithiamine 


me. perday vperdey | days | | om 
0 35 1.6 | | 0 | +3.0 
» 5 1.6 5 | 5 
2 12 1.6 7 12 | —2.7 
1.2 4 1.6 6 5 —2.1 
0.6 5 5 —0.2 
0.3 4 1.6 10 | 5 | +1.9 
0.1 4 1.6 1 | 5 | +2.5 
0.1 8 2 | 12 | 6 | a 
0.05 3 2 | 0 | =. 
0.6 5 61.6 | 0 +3.1 
2 8 60 | 0 +3.6 


which they were unable to stand erect on their hind legs. The pyri- 
thiamine treatment was continued and in addition one was given a single 
dose of | mg. of thiamine orally, two were given 500 y each, and two were 
kept for controls. Each had lost 2.5 gm. in the 2 days prior to treatment. 
In all treated animals, improvement was noted within | hour, and within 
20 hours they were without discernible symptoms. In the 24 hours fol- 
lowing treatment. they had gained 1.5, 1.5, and 1.0 gm. The two which 
were not treated died within 2 days. No more thiamine was given to the 
treated animals, and within 5 days from the time of treatment they again 
developed symptoms and died. 

Four mice were given 2 mg. daily of pyrithiamine until they were 
unable to stand. Two were then given 20 y of thiamine each. The 
treated mice improved ngticeably, but on the following day became worse 
again and soon died. 
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Prevention of the disease with thiamine was demonstrated in two 
experiments. In one, a group of eight mice received 2 mg. of pyrithiamine 
and 60 y of thiamine per mouse per day. Appropriate control groups 
receiving no treatment and pyrithiamine alone were also included. These 
controls behaved similarly to comparable groups in the previous experi- 
ments; that is, mice in the group without pyrithiamine gained an average 
of 3.0 gm. per week and remained free of symptoms, while those in the 
group given pyrithiamine developed symptoms, lost weight, and all died 
within 9 days from the start of the experiment. In the second experiment, 
the mice received 600 y of pyrithiamine and 61.6 y of thiamine per day. 
Both experiments were continued for 17 days. The pertinent data are 
summarized in Table I. It can be seen that thiamine protected against 
the disease. 

The effect of pyrithiamine was in some respects delayed and cumulative. 
Thus when three mice were given 1.2 mg. of pyrithiamine on each of the 
first 3 days of the experiment, and were then continued on 2 y of thiamine 
per day, but without any more pyrithiamine, they grew well and appeared 
normal for6days. On the 7th day, they began to lose weight precipitously 
and to show the characteristic symptoms evoked by pyrithiamine. On 
the 9th day, one was treated with a single dose of 500 y of thiamine. This 
produced remission of the symptoms within 24 hours. It was of interest 
that the symptoms appeared in this group almost as rapidly as in the 
group which had received 1.2 mg. of pyrithiamine every day (see Table I). 
Very small doses of pyrithiamine given daily for extended periods produced 
characteristic symptoms eventually. Thus in two experiments when 
eight mice were given 20 y of pyrithiamine and 2 y of thiamine per day, 
they grew as rapidly as controls which received no pyrithiamine, and 
remained without symptoms for 2} weeks. Following this, they ceased 
to grow, lost weight, and developed characteristic symptoms. These 
symptoms were promptly cured by a single dose of | mg. of thiamine. 
In a group of three mice which received 20 y of pyrithiamine and 2 ¥ of 
thiamine per day for 14 days, and then 2 y of thiamine a day but no pyn- 
thiamine, symptoms developed at the 19th day and two of the mice died. 
The third mouse showed occasional violent fits of jumping, but slowly 
improved and survived for 4 weeks, at which time the experiment was 
discontinued. 

The apparent delayed and cumulative effect of pyrithiamine made it 
difficult to establish an exact ratio of thiamine to pyrithiamine. From the 
curative tests it was seen that thiamine at one-fortieth the level of pyn- 
thiamine would cure the disease. However, as little as 20 y of pyn- 
thiamine per day in the presence of 2 y of thiamine per day eventually 
produced symptoms and death, even though growth was not affected in 
the early part of the period. 
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SUMMARY 


The feeding of pyrithiamine, the pyridine analogue of thiamine (2- 
pyridinium 
bromide), to mice caused the appearance of characteristic symptoms of 
The disease was prevented or cured by sufficient 


amounts of thiamine. 
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THE EFFECT OF SIMULTANEOUS MINERAL AND CHOLINE 
DEFICIENCIES ON LIVER FAT 


By PHILIP HANDLER 


(From the Department of Physiology and Pharmacology, Duke University School of 
Medicine, Durham, North Carolina) 


(Received for publication, May 14, 1943) 


Fatty infiltration of the liver was not observed in rats fed a choline- 
deficient diet which simultaneously lacked thiamine (1), riboflavin (2), 
pantothenic acid (3), or methionine.' Fatty livers also failed to appear 
when rats were fed a choline-deficient diet containing sufficient nicotina- 
mide to prevent growth or produce an actual loss in weight (4). It has 
been suggested (4, 5), in summary, that the characteristic fatty livers 
of choline deficiency can only occur when the composition of the remainder 
of the diet will permit at least moderate growth in young rats and nitrogen 
balance in adults. In a further test of this hypothesis the effects of a 
general mineral deficiency on the manifestations of choline deficiency have 
been studied. 


EXPERIMENTAL 


The basal diet used in this study consisted of casein 15, corn-starch 25, 
sucrose 20, lard 30, cod liver oil 5, and salts (6) 5. Each kilo of diet was 
supplemented with thiamine chloride 2.5 mg., pyridoxine hydrochloride 
2.5 mg., riboflavin 5 mg., calcium pantothenate 30 mg., 3-methyl-1,4- 
naphthoquinone diacetate | mg., and choline 2.5 gm. When the salt 
mixture was omitted from the diet, an equivalent amount of starch was 
substituted. However, no such allowance was made for the small amount 
of choline. 

Four groups of male rats were used in the following experiments. Group 
I received the basal diet, Group II received the basal diet without any 
salt mixture, Group III received the basal diet but no choline, and Group 
IV received the basal diet but neither choline nor salt mixture. Half of the 
rats in Groups I and III (Ib, Id, ILIb, and IIId) were pair-fed with the 
members of Group IV and the remainder offered food ad lintum. The 
results are summarized in Table I. The entire experiment was performed 
twice with six rats in each subgroup as it appears in Table I, so that each 
figure represents the mean value obtained for a group of twelve rats. All 
rats weighed between 90 and 100 gm. at the start of the experiment. ‘The 


' Handler, P., unpublished data. 
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292 LIVER FAT IN DIETARY DEFICIENCIES 


variations within each group were surprisingly small and the differenves 
reported in Table I are highly significant according to statistical analysis, 
Despite the complete omission of salt mixture from the diets of Groups 
II and IV, the animals did grow, although slowly, for the first 2 weeks. 
In the following 17 day period all members of these two groups declined 
somewhat in weight. 
if The choline of the diets of Groups I and II afforded complete protection 
@ against fatty infiltration of the liver. The absolute fat content and size 
of the livers of Group IIIb which was pair-fed with Group [Va were not as 
great as those of Group Illa which was fed ad libitum. However, the 
composition of the livers of Groups Illa and IIIb was quite similar; both 


I 
Effect of Choline and Mineral Deficiencies on Liver Fat 


' No Diet Time Gain in weight hone Liver Liver fatty acids 
Ia Complete | 2 #15 | 86 5.2 0.212, 4.0 
14 is 1.2% 7.8 4.50 0.189 4.1 | 
Ila No salts 14 15 1.1 7.7 4.77 O.181 3.8 
Illa choline 1.0 86 6.34 1.279 19.2 
14 11 7.8 5.44 O.898 16.5 
saltsorcholine 13 0.9 7.8 0.882 11.2 
@ Ic | Complete 31 54 1.7 8.8 5.37 0.238 4.1 | 
31 33. 5.9 4.44 O.182 4.1 
t | IIb No salts 31 7 | 0.2 6.1 4.52 0.17 3.9 
IIle | “ choline 31 £94 | 8.54 1.088 21.2 
“* 31 Is 0.6 5.9 4.52 1.070 3.0 
: 0.1 | 5.9 4.12 020 56 | 


IVb  “ saltsorcholine 31 3 


- 


groups were found to have decidedly fatty livers. At the same time, 
despite the general mineral deficiency, the slowly growing rats of GroupIVa 
were found to have moderately fatty livers. 
‘. The second series of animals was sacrificed 17 days after the first senes. 
tif Both subgroups on the complete ration had continued to grow during ths 
é period, while the salt-deficient animals in Group IIb had gradually declined — | 
in weight. However, no further change had occurred in the liver fat con- 
Po centrations of the animals in these three groups. Restriction of the food 
'¢g consumption of Group IIId to the level seen in Group IVb still permitted 
slow growth. While the livers of the rats of Group Ile, fed ad libitum, 
continued to increase in size and fat content, no further increase in size 
was seen in the livers of Group IIId, although there was some increase in 
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their fat content. Thus, the livers of Group IIId were only half as large as 
those of Group IIIc, although the fat concentration in the two groups was 
almost identical. Within this 17 day period the mineral- and choline- 
deficient rats of Group IVb lost about 10 gm. each. At the same time, 
there occurred a steady diminution in liver fat concentration and in the 
absolute amount of fat in the liver. This cannot be attributed to the poor 
appetite of these animals, since the rats in Group IIId showed an actual 
increase in liver fat and liver fat concentration during this period although 
their food consumption was limited to that of the members of Group IVb. 
This is quite similar to the results obtained earlier, when the effect of 
progressive thiamine deficiency on the liver fat of choline-deficient animals 
was studied (5). 

The growth of choline-deficient rats has now been depressed by six 
independent techniques, thiamine, riboflavin, pantothenic acid, methio- 
nine, and mineral deficiencies and excessive nicotinamide feeding. In 
each instance the characteristic fatty livers of choline deficiency have failed 
to appear. These data would seem to warrant the conclusion that choline 
deficiency can only result in fatty liver formation when all other dietary 
factors are present in sufficient concentrations to permit at least slow 


growth. 
SUMMARY 


Young male rats fed a low protein, high fat diet deficient in choline 
and minerals grew slowly for 2 weeks and at tne end of this time their 
livers were moderately fatty. In the following 2 weeks the animals 
declined in weight and the liver fat content returned towards normal. 
These effects were not due merely to the level of food consumption, since 
choline-deficient animals given adequate amounts of mineral salts but 
whose food consumption was restricted to that of the mineral-deficient 
animals continued to grow slowly and developed markedly fatty livers in 
the same period. 


The author's thanks are due to the John and Marv R. Markle Founda- 
tion for its support of these studies and to Merck and Company, Inc., 
of Rahway, New Jersey, for the supply of crystalline vitamins used in 
this work. 
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THE CHEMISTRY OF MOLD TISSUE 


XVI. ISOLATION OF FUNGUS CEREBRIN FROM THE MYCELIUM OF 
ASPERGILLUS SYDOWI* 


By NESTOR BOHONOS anv W. H. PETERSON 


(From the Department of Biochemistry, College of Agriculture, University of Wisconsin, 
Madison) 


(Received for publication, February 12, 1943) 


In the course of investigations (1-3) dealing with the nitrogen constitu- 
ents of the mycelium of Aspergillus sydowi, an insoluble residue was ob- 
tained after autolysis and extraction with dilute sodium hydroxide. Dur- 
ing the extraction of this residue with ether for several days, a precipitate 
gradually accumulated in the boiling flask. Repeated crystallizatian of the 
precipitate gave a product of constant melting point and apparently high 
molecular weight. From a study of its properties, derivatives, and deg- 
radation products, it appears to be identical with a compound first ob- 
tained by Zellner (4) from the mushroom, Amanita muscaria, which he 
named “fungus cerebrin.”” This compound has also been isolated from 
other mushrooms, Hypholoma fasicular (4, 5) and Marasmius scorodonius 
(6), from the bracket fungus, Polyporus pinicola (7), and from yeast (8-10). 
Reindel et al. (8, 9) worked over large quantities of extraction residues from 

-the commercial production of ergosterol and obtained enough material for 
an extensive investigation covering nearly a decade of work. From their 
data they (9) deduced the structural formula, 


CHOH- CH- CHOH,-CH- CH, OH 
HN-CO-CHOH- CyuHe 


The data that have been obtained for the crystalline material from A sper- 
gillus sydowt agree well with those reported by Reindel and associates for 
fungus cerebrin, and thus add another material, mold mycelium, to the 
sources of this compound. 


EXPERIMENTAL 


Isolation—-The mold was grown and autolyzed as described in a previous 
paper (1). The insoluble residue after autolysis was extracted several 
times with | per cent sodium hydroxide (3), washed first with 1 per cent 


* Published with the approval of the Director of the Wisconsin Agricultural 
Experiment Station. This work was supported in part by a grant from the Wisconsin 
Alumni Research Foundation. 


205 


4 
| 
5 
i 
| 
4 
{ 4 
i 
| 
A 
| 


* 


296 FUNGUS CEREBRIN FROM A. SYDOWI 


acetic acid, then with water, and finally dried. The product was ground to 
a very fine powder and extracted with ether in a Soxhlet extractor. Dur- 
ing the extraction a white precipitate formed in the boiling ether and in- 
creased in quantity for many days. (With a Soxhlet apparatus of 1 
liter capacity 1 month was generally required for complete extraction.) 
The precipitate was filtered off and washed with a little ether to remove 
ergosterol and fatty acids. The yields of this crude product (m.p. 118- 
132°) varied from 0.1 to 0.4 per cent of the dry mold. It was partially 
purified by several recrystallizations from alcohol. 

When alkali-extracted unautolyzed mold was extracted with ether, there 
was no precipitate in the ether. This indicates that the compound is 
bound to other components of the mycelium and is set free by autolysis. 

Acetylation—2 gm. of the crystals just described, 7 ml. of acetic anhy- 
dride, and 1 ml. of pyridine were heated on a steam bath for 2 hours. The 
excess ‘acetic anhydride was decomposed with water in the usual manner, 
and the precipitate which formed was filtered, washed with water, and 
dried. The product was dissolved in ether, the solution was filtered, and 
the ether removed under reduced pressure. The acetate was recrystallized 
ten times from methanol before a constant melting point of 67.0-67.5° 
was obtained. (Reindel reported a melting point of 67-68°.) Yield 1.6 
gm. This acetate is very soluble in benzene, ether, and chloroform, and is 
slightly soluble in ethyl and methyl alcohols. The specific rotation, com- 
position, and molecular weight were as follows: 

= +20.6° (a = +1.89°,1 = 2dm.,¢ = 4.6, CHCI,, 23°) 


CoH Oe’. Calculated. © 714, H 11.13, N LS 
Found. ** 71.05, 70.89; H 11.14, 11.24; N 1.60 


Molecular W eight—0.444 and 0.971 gm. of compound in 13.04 gm. of benzene raised 
the boiling point 0.189° and 0.413° respectively. Mol. wt., found, 923, 921; ealeulated 


for CoH 


Hydrolysis of Acetate—10 ml. of 0.3877 alcoholic KOH and 5 ml. of 
ethanol were added to 0.545, 0.497, and 0.505 gm. samples of the acetate 
and refluxed for } hour. The alcohol was removed tn vacuo, and CO,-free 
water was added. The contents of the flasks were titrated to an end-point 
with phenolphthalein, stoppered, allowed to stand overnight in order to 
permit any occluded alkali to diffuse out, and titrated again. The total 
amounts of alkali required for hydrolysis of the three samples were 6.58, 
5.96, and 6.14 ml. respectively. The corresponding saponification equiva- 
lents were 214, 215, and 212. Calculation for Cy Hy.O.N as a tetraacetate 
equals 226. 

Attempts to hydrolyze only part of the acetyl groups on the molecule 
were unsuccessful. Treatment of the acetate in a 1:1 ether-aleohol mix- 
ture with NaOH equivalent to one-fifth of the acetyl! groups in the sample 
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resulted in complete hydrolysis of the compound and separation of the free 
compound in the form of fine needles. Upon recrystallization from alcohol 
the product melted at 142.5-143°. Reindel gives the melting point of 
fungus cerebrin as 143-143.5°. Purification through the acetate proved to 
be the best method for preparing the pure compound. The specific rotation 
and composition were as follows: 

la) = +11.9° (a = +0.24°, 1 = 2dm., ¢ = 1.01, pyridine, 22°) 


CeHwON. Caleulated. C 74.69, H 12.72, N 1.89 
Found. * 74.92, 74.63; H 12.73, 13.13; N 1.92 


Chemical Properties—The compound was only slightly soluble in metha- 
nol, ethanol, chloroform, carbon tetrachloride, acetone, ether, or benzene at 
room temperature but it was quite soluble in pyridine. 

The compound was degraded when heated at 235°. Water was driven 
off, leaving a product that was very soluble in ether and chloroform but 
insoluble in methanol. On purification from a mixture of chloroform and 
methanol, the product softened at 71° and melted at 74-75°. It gave a 
positive test for unsaturation with tetranitromethane and took up bromine 
from a chloroform solution. Neither the free compound nor its acetate 
gave these tests. As this product appeared to have no advantage over the 
free compound for purposes of characterization, it was not investigated 
further. 


When HC! gas was passed through a cold suspension of the compound in 


acetone, it dissolved very readily. The conditions of this experiment are 
suitable for formation of isopropylidene derivatives. As we already knew 
there were several hydroxyl groups, it appeared possible that some were on 
adjacent carbon atoms. This possibility was confirmed when a test was 
made with lead tetraacetate. 

The compound was labile to refluxing in alcoholic nN HCl, and this 
property was used in the later degradation studies. 

Oxidation with Lead Tetraacetate—1\ gm. of finely ground compound was 
dissolved in 75 ml. of dry chloroform at 40-50°. A solution of 0.6 gm. of 
lead tetraacetate in 20 ml. of dry chloroform and 0.5 ml. of acetic acid was 
added over a period of 30 minutes. The solution was kept at 40-50° and 
stirred continually during the addition. After it was held at 40—50° for 
another half hour, the lead acetate which had precipitated was filtered off, 
and the filtrate was concentrated to dryness in vacuo. The residue was 
extracted three times with 10 ml. volumes of petroleum ether (b.p. 20-40°). 
The petroleum ether-soluble fraction will be referred to as Fraction A, and 
the petroleum ether-insoluble fraction will be referred to as Fraction B. 

The petroleum ether was removed from Fraction A, leaving 0.4 gm. of 
waxy residue with a strong paraffin-like odor. This melted at approx- 
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imately 30°. A 100 mg. aliquot in 2.5 ml. of ethanol was added to a 
suspension of 50 mg. of 2,4-dinitrophenylhydrazine in 7.5 ml. of ethanol, 
This was refluxed for 2 minutes, 0.1 ml. of concentrated hydrochloric acid 
was added, and refluxing was continued for 15 minutes. 2.5 ml. of water 
were added and the solution became cloudy. On cooling, a deposit of fine 
needles was obtained. These were filtered and washed with 50 per cent 
alcohol. After three recrystallizations from alcohol the orange-colored 
dinitrophenylhydrazone melted at 94-95°. (Reindel reported a melting 
point of 93.5-94°.) Yield 90 mg. 


Calculated. C 62.86, H 8.57, N 13.35 
Found. 63.14, 8.39, °° 15.34, 13.38 


This corresponds to a carbonyl compound of formula CyH»O and it is 
apparently the same as that isolated by Reindel ef al. The remainder of 
Fraction A, a waxy solid, gradually increased its melting point on standing, 
This was no doubt due to the formation of a trimer as reported by Reindel. 

Acid Hydrolysis of Fraction B—The petroleum ether-insoluble fraction 
from the lead tetraacetate oxidation was washed with water and dissolved 
in a mixture of 90 ml. of methanol and 10 ml. of concentrated HC! and 
refluxed for 6 hours. When this was cooled, the precipitate was filtered 
and washed with methanol-HCl. After two reerystallizations from 
methanol, this ester melted at 68-71°. Yield0.44 gm. This was dissolved 
in a small amount of petroleum ether, filtered, and tne solvent was removed 
invacuo. A solution of this compound in 35 ml. of ethanol containing 4 ml. 
of 0.35 ~ alcoholic KOH was refluxed for | hour. After cooling, the solid 
that separated was filtered off and washed with alcohol and ether. It was 
dissolved in 15 ml. of hot acetic acid and on cooling the free acid separated. 
After several recrystallizations, the acid melted at 102.5-104.5°. Reindel 
et al. report the melting point of a corresponding product derived from 
cerebrin as 103-105°. 


CosHyO;. Caleulated. C 75.72, H 12.62 
Found. ** 75.22, 75.19; H 12.52, 12.27 


The ammonium salt was prepared by passing ammonia gas through an ether 
solution of the acid and analyzed. 


Calculated, N 3.19; found, N 3.17 


When 50 mg. of the acid were heated in a sealed vial with 100 mg. of 
anhydrous chloral at 130° for 4 hours, a chloralide was formed. The excess 
chloral was removed with water and the residue was recrystallized from 
acetone and acetic acid. After many recrystallizations, the melting poimt 
was 65-66°. The quantity of material was too small for further recrystal- 
lization. Reindel (8) reports a melting point of 67—-68° for his derivative. 

50 mg. of the acid were dissolved in 5 ml. of glacial acetic acid and heated 
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on the steam bath. An equal weight of lead tetraacetate in 2 ml. of acetic 
acid was added in small portions over a period of | hour. The solution was 
heated for an additional half hour and then most of the acetic acid was re- 
moved im vacuo and water was added. The insoluble material was ex- 
tracted with acetone. The acetone was removed and the semicarbazone of 
the aldehyde was formed after 14 hours of refluxing in methanol with 50 
mg. of semicarbazide hydrochloride and the appropriate amount of po- 
tassium hydroxide. The semicarbazone was recrystallized many times 
from methanol and ethyl acetate. After the sample had become too small 
for further purification, its melting point was found to be 113.5-114°. 
Reindel ef al. give the melting point of their semicarbazide as 115-115.5°. 
Although these last two derivatives were not further purified and analyzed, 
the data indicate that we had the same hydroxy acid as was reported by 
Reinde! et al. 

The filtrate from the acid hydrolysis of Fraction B after removal of the 
ester of the hydroxy acid was concentrated to a small volume and taken up 
in water. After it was refluxed with 2,4-dinitrophenylhydrazine, in alco- 
holic solution, a very small amount of an orange-brown compound was 
formed. This decomposed at 270-280° but was not purified. It is prob- 
ably the same as the dinitrophenylhydrazone of C,H QO; reported by Rein- 
del et al. 


SUMMARY 


A crystalline lipid, believed to be identical with fungus cerebrin, has been 
isolated from the mycelium of Aspergillus sydowi, in yields of from 0.1 to 
0.4 per cent of the dry mold tissue. The lipid was obtained by ether ex- 
traction of the insoluble material that remains after autolysis and alkali 
extraction of the mycelium. The compound appears to be bound in the 
mold tissue, as it could not be obtained from unautolyzed mycelium. 

After repeated crystallization of the compound, a study was made of its 
properties, acetyl derivative, and degradation products. The analytical 
data on the free compound and its tetraacetate denote the formula CygHg- 
ON. Cleavage of the molecule with lead tetraacetate produced a carbony! 
compound, CyH»O, and a product which on hydrolysis yielded a hydroxy 
acid CxHwOs. Also some evidence of the existence of a third decomposition 
product, possibly C,H,O,, was obtained. These data conform to the strue- 
ture -CHOH -CH-(CHOH-CH,-CH,OH)-NH-CO-CHOH 
proposed by Reinde!l et al. (9) for fungus cerebrin. 
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LETTERS TO THE EDITORS 


CHEMICAL AND BIOLOGICAL ASSAYS OF THE NICOTINAMIDE- 
LIKE SUBSTANCE FORMED IN HEATED MIXTURES OF 
ASPARAGINE AND GLUTAMIC ACID 

Sirs: 

It has been reported previously that heated mixtures of asparagine and 
glutamic acid can replace nicotinamide as a growth factor for certain micro- 
organisms,' but no evidence as to the chemical nature of the reaction product 
could be obtained because of the very small quantities formed. It is now 
possible to produce this substance in concentrations sufficiently high to 
demonstrate that chemically as well as biologically it shows properties of 

A neutral solution containing 10 gm. each of asparagine and glutamic 
acid, 20 mg. of FeSO,-7H,O, and 30 mg. of MnSO,-4H,0 in a volume of 200 
mil. was heated for 8 days in a stream of oxygen at 100°. The solution was 
then extracted with ether for 48 hours. The extracted material, after 
removal of the ether, was dissolved in 15 ml. of 0.05 m phosphate buffer, 
pH 7, and reextracted with ether. The second extract was dried and dis- 
solved in 17 ml. of water. It contained over 90 per cent of the original 
growth-promoting activity and is referred to as Solution 190C. 

Certain other amino acids can substitute for glutamic acid in the produc- 
tion of nicotinamide activity; the most active of these is methionine.” 
Therefore, a similar experiment was carried out with 10 gm. each of methio- 
nine and asparagine, except that the two were heated in a stream of air for 
only 5 days. The water solution of the material obtained from the final 
ether extract, Solution 270C, had a volume of 8.5 ml. 

The two solutions were analyzed for nicotinamide biologically with 
Lactobacillus arabinosus by the previously described modification' of the 
method of Snell and Wright,’ and chemically by measurement of the color 
developed with cyanogen bromide and aniline.‘ Chemical analyses were 
made both before and after hydrolysis. Nicotinamide was used as standard 
in the former case, nicotinic acid in the latter. The results are given in the 
table. Since the chemical method has shown a reproducibility of +3 per 
cent and the biological of +5 per cent, the three values for each solution 
must be considered to be essentially the same. 


* Bovarnick, M. R., J. Biol. Chem., 148, 151 (1943). 

* Bovarnick, M. R., unpublished observations. 

* Snell, E. E., and Wright, L. D., J. Biol. Chem., 189, 675 (1941). 
* Melnick, D., and Field, H., Jr., J. Biol. Chem., 134, 1 (1940). 
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While the chemical method is not specific, different pyridine compounds 
do give varying amounts of color in the evanogen bromide-aniline reaction, 
Even the change from nicotinic acid to nicotinamide produces a nearly 3- 
fold reduction in color intensity per unit of weight. Therefore, the good 
quantitative agreement between the three assays on the solutions obtained 


Comparison of Chemical and Biological Analyses for Nicotinamide 


Nxcotinamide 
Solation No. | | 
Bioassay with 
Belore After 
hydrolyeis 
me. per mi me. per me per ml. 
190C. From asparagine-glutamic acid re 
action ow 0.91 0.92 
270C’. From asparagine-methionine reac. 
tion 0.82 


from both reactions would seem to be strong evidence in favor of the as 
sumption that nicotinamide is the active compound formed. This is further 
strengthened by the well known biological specificity of nicotinamide and 
of nicotinic acid.® 


Division of Laboratories and Research Mantanna R. Bovannice 
New York State Department of Health 
Albany 


Received for publication, June 4, 1943 
* Dorfman, A., Koser, 8. A., Reames, H. R., Swingle, K. F., and Saunders, F., 
J. Infect. Dis., 66, 163 (1939). 
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AN IMMUNOLOGICALLY ACTIVE POLYSACCHARIDE 
PRODUCED BY COCCIDIOIDES IMMITIS 
RIXNFORD AND GILCHRIST 


By W. Z. HASSID, E. E. BAKER, ann R. M. McCREADY* 


(From the Division of Plant Nutrition of the College of Agriculture, University of 
California, Berkeley, and the Department of Public Health and Preventive Medicine, 
Stanford University School of Medicine, San Francisco) 


(Reeeived for publication, April 28, 1943) 


The fungus Coccidioides tmmitis, the causative agent of coccidioido- 
mycosis in man and certain wild and domestic animals, produces a sub- 
stance which elicits a skin reaction when injected intradermally into sensi- 
tive individuals, and precipitates and fixes complement in the presence of 
serum of persons with coccidioidomycosis. The only data on the nature 
of this substance are found in the work of Hirsch and D’Andrea (1). These 
authors have shown that Coccidioides immitis produces a “specific soluble 
substance’ which is precipitated by alcohol, contains 3 to 4 per cent nitro- 
gen, and upon hydrolysis produces 20 to 40 per cent reducing sugars. The 
osazone prepared from the hydrolyzed solution was identified as glucos- 
azone. 

A filtrate of old cultures of Coccidioides immitis, known as coccidioidin, 
is widely used as an aid in the diagnosis of coccidioidomycosis (2). The 
present writers, therefore, found it of interest to study the “specific soluble 
substance” produced by this fungus and to ascertain its nature and whether 
a relation exists between its chemical constitution and its immunological 


properties. 


EXPERIMENTAL 


Preparation of the Polysaccharide-—-Coccidioides immitis (Strain 46) was 
grown for 2 months at 37° on a modified Bureau of Animal Industry tuber- 
eulin medium which had the following composition: /-asparagine 7.0 gm., 
NHC! 7.0 gm., K,HPO, 1.3 gm., sodium citrate 0.5 gm., MgSO, 1.5 gm., 
ferric citrate 0.3 gm., cerelose 10.0 gm., glycerol 25.0 gm., distilled water 
to make | liter. 

At the end of the incubation period, merthiolate was added to each 
culture flask to give a final concentration of 1 part in 10,000. The mat of 
fungus was then removed by filtration. 

Lot 9 of the polysaccharide was prepared as follows: 4600 cc. of culture 
filtrate were concentrated by means of the collodion ultrafilters described 


* Present address, Western Regional Research Laboratory, Albany, California. 
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by Seibert (3). Henderson' showed that the material responsible for 
eliciting a positive skin reaction in sensitive individuals does not pass 
through these filters. Thus, ultrafiltration offered a convenient method of 
concentrating this skin-reacting substance. After the filtrate had been 
concentrated to about 1 liter, this volume was maintained by the gradual 
addition of 2 liters of distilled water, followed by 3 liters of 1 per cent sul- 
furic acid. The dilute sulfuric acid was used to convert any acid groups 
present in the polysaccharide as salts to their free acids. Preliminary ex- 
periments had shown that certain dark brown impurities could be removed 
by fractional precipitation of the polysaccharide, containing free acid 
groups, with alcohol. Its salt, however, could not be purified in this man- 
ner. After addition of the dilute sulfuric acid, the residue was washed with 
3 liters of distilled water and concentrated to 46 cc. The concentrate was 
free of salts, as shown by the absence of the sulfate ion. 

The concentrate was then precipitated with 5 volumes of ethyl alcohol, 
and the precipitate collected by centrifugation and dissolved in 15 ee. 
of water. When 10 cc. of aleohol were added, a dark brown precipitate 
formed. This was removed by centrifugation (Fraction I). Upon the 
addition of 10 ec. of aleohol to the almost colorless supernatant solution, 
a white precipitate was obtained (Fraction II). This fraction was washed 
with 60 per cent alcohol, then with alcohol and ether, and dried in vacuo 
at 80°. Both fractions contained material which elicited positive tests in 
sensitive individuals. Although Fraction I, weighing 0.3 gm., showed 
some activity in skin tests, it was discarded. Fraction I] weighed 1.7 gm. 
and was used in the subsequent work. 

Properties of the Polysaccharide—The white amorphous precipitate ob- 
tained was soluble in water and distinctly acidic in aqueous solution. Its 
acid number was 3000 when neutralized to pH 8. Its ash content was 
0.42 per cent; it contained 3.23 per cent total nitrogen and 0.6 per cent 
amino acid nitrogen, determined by the Van Slyke method (4). No acetyl 
groups were found in the carbohydrate. When oxidized with ferricyanide 
and titrated with ceric sulfate, the substance gave a reducing value of 9.5 
per cent calculated as glucose (5). The polysaccharide gave a strong 
naphthoresorcinol test (6), indicating the presence of uronic acid in the 
molecule. The uronic acid content determined by adaptation of Dore’s 
method (7) to a semimicro scale* was 10.5 per cent. Its carbon content 
was 43.8 per cent® (ash-free basis), and the specific rotation [a], + 37.5°. 


1 Henderson, H. J., Henry Phipps lastitute, University of Pennsylvania, unpub- 
lished data. 

* Unpublished data. 

* The carbon analyses in this investigation were carried out by the wet combustion 
method (McCready, R. M., and Hassid, W. Z., Ind. and Eng. Chem., Anal. Ed., 14, 
525 (1942)). 


| 
| 


- 


HASSID, BAKER, AND MCCREADY 305 


The Millon, xanthoproteic, giyoxylic acid, and biuret tests for proteins 
were all negative. Neither was any precipitate obtained by the addition 
of 5 per cent trichloroacetic acid to an equal volume of a 2 per cent poly- 
saccharide solution, when the mixture was heated. This shows that no 
protein material was present in the carbohydrate. 

Hydrolysis of the Polysaccharide and Identification of Products--When 
a 1 per cent solution of the polysaccharide was hydrolyzed by boiling with 
1 ~ sulfuric acid, the liberation of the reducing sugars proceeded very 
rapidly. Within 30 minutes 27.5 per cent of the reducing sugars, calculated 
as glucose and determined by oxidation with ferricyanide and titration with 
ceric sulfate (5), was liberated. After 75 minutes, 79.2 per cent was 
present in the solution, and after 150 minutes the value diminished to 76.6 
percent. In connection with the diminution of the reducing value, Link 
and Nedden (8) showed that galacturonic acid is partly destroyed by pro- 
longed heating with acid. This is probably due to decarboxylation of some 
of the uronic acid. 

An osazone was prepared from the neutralized solution which was identi- 
fied as glucosazone. The presence of glucose was later confirmed by the 
preparation of potassium acid saccharate, when a portion of the hydrolyzed 
solution was oxidized with nitric acid and neutralized with potassium car- 
bonate. The solution gave a negative Seliwanoff reaction, indicating the 
absence of fructose. The aniline reaction (9), which distinguishes pentoses 
from uronic acids, was also negative, showing the absence of pentose sugars. 
The possibility of the presence of mannose was eliminated by the fact that 
no mannose phenylhydrazone could be obtained. Glucosamine, deter- 
mined by the Elson and Morgan method (10), was shown to be absent. 

Separation of Uronie Acid Constituent—A 1 gm. sample of the carbohy- 
drate was dissolved in 10 ec. of water, an equal volume of 2 N sulfuric acid 
was added, and the solution boiled for 1.5 hours under a reflux condenser. 
It was then neutralized with barium carbonate, and the precipitate washed 
and removed by repeated centrifugation. The filtrate and washings were 
concentrated to about 2 cc. and the barium salt of the uronic acid precipi- 
tated by the addition of 10 volumes of methyl alcohol. The precipitate 
was centrifuged and washed by repeated centrifugation with methyl alco- 
hol. After drying in vacuo at 60°, a yield of 0.150 gm. of the barium salt, 
the equivalent of 11 per cent uronic acid, was obtained. The methyl alco- 
holic filtrate and washings were combined and saved for further analysis 
of soluble sugars. 

The barium salt gave the naphthoresorcino! test for uronic acid, and 
oxidation with nitric acid produced crystals of mucic acid. This showed 
that the salt was barium galacturonate. 


Ba. Caleulated. C 27.5, Ba 26.3 
- Found, “79, 
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On treatment with phenylhydrazine hydrochloride and sodium acetate, 
a derivative was obtained from this salt which was identical with the 
phenylhydrazine phenylhydrazone of galacturonate described by Niemann, 
Schoeffel, and Link (11). 


C 55.1,N M434 
wee 


Calculated. 
Found. 


A nalys is—C, 


Identification of Glucose Constituent—-The filtrate obtained after precipi- 
tation of the barium galacturonate was evaporated to a small volume to 
remove the methyl alcohol, quantitatively transferred into a 100 cc. volu- 
metric flask, and diluted to volume. When analyzed by the ferrievanide 
method (5), the solution contained 0.720 gm. of reducing sugars, caleu- 
lated as glucose. The specific rotation [a], of the solution, calculated on 
the basis of 0.720 gm., was —7°. 

A portion of the solution, containing 0.140 gm. of reducing sugars, was 
concentrated to 2 ce. and oxidized with 2 ce. of nitric acid by evaporating 
the mixture on a watch-glass on the steam bath. The syrup was dissolved 
in about | ec. of water, made alkaline by the addition of potassium carbon- 
ate, and acidified with acetic acid. After refrigeration overnight, crystals 
were filtered from the solution and were identified as potassium acid sae- 
charate by their appearance under the microscope (12) and by analysis 
of the potassium content. 

The fact that the specific rotation of the solution was negative indicates 
that, together with the dextrorotatory glucose, there must exist another 
compound which is levorotatory. When a portion of the solution was 
heated in boiling water with phenylhydrazine hydrochloride and sodium 
acetate for 15 minutes and then cooled and examined under the microscope, 
two distinctly different osazones could be observed. A preponderance of 
glucosazone was recognized by the shape of its characteristic greenish 
yellow needle-like bundles (12). Mixed with this, in smaller proportion, 
was another osazone which had the appearance of dark green burs. This 
osazone has not yet been identified. When the solution was filtered and 
the filtrate heated for 30 minutes, and then cooled, more of this unidentified 
osazone crystallized. 

In order to establish the relative proportions of glucose and the unknown 
sugar, a 10 cc. portion of the hydrolyzed solution, containing 72 mg. of 
reducing sugars, was inoculated with a pure culture of yeast, Torula monosa. 
A 0.5 per cent yeast infusion and 0.1 ec. of phosphate buffer of pH 6 were 
addéd and allowed to remain at 28° for 30 hours. At the end of this period 
the fermented solution contained 22 mg. of reducing sugars, calculated as 
On this basis, 50 mg., or 69.5 per cent, of glucose were present in 


glucose. 
The remaining 22 mg. of reducing sugar 


the solution before fermentation. 
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(30.5 per cent), obtained after fermentation of the glucose with Torula 
monosa, were therefore due to the unknown sugar. A blank, simultane- 
ously run by inoculating 10 cc. of pure glucose solution (72 mg.) with 
Torula monosa, under identical conditions gave a reducing value after 30 
hours equivalent to 0.6 mg. of glucose, showing that the yeast ferments 
glucose almost completely. 

Acetylation of the Polysaccharide—Another lot of polysaccharide (Lot 10), 
prepared in the manner previously described, contained 2.3 per cent nitro- 
gen. A 0.5 gm. sample of this material was dissolved in | ec. of water 
and then 15 cc. of ethyl aleohol were added. After a few mg. of powdered 
sodium acetate were added to the cloudy solution and it was allowed to 
stand for 2 hours, the precipitated polysaccharide was filtered with suction 
on a Buchner funnel. The slightly moist precipitate was treated with 15 
ec. of pyridine and allowed to stand for 6 days with occasional shaking. 
(Prolonged treatment with pyridine is necessary to swell the particles of 
the polysaccharide; otherwise the acetylation proceeds with difficulty.) 
The polysaccharide was then acetylated by gradual addition of 12 cc. of 
acetic anhydride. ‘The mixture was stirred overnight at room temperature 
and then for 12 additional hours at 60°. The solution was then poured 
into a large excess of cold water, whereupon a white precipitate separated 
out. The acetylated product was filtered and washed with water until 
free of acid, and dried in vacuo at 80°. A yield of 0.33 gm. of the acetylated 
product was obtained. The acetate was soluble in chloroform, its acety! 
value (COCH,) 41.0 per cent, and the nitrogen content 0.92 per cent. 

When another lot (No. 11) of the polysaccharide, containing 1.73 per 
cent nitrogen, was acetylated, a product was obtained with a nitrogen con- 
tent of 0.95 per cent. The fact that preparations having various nitrogen 
contents produced acetylated products with a constant nitrogen value 


indicates that part of the nitrogen exists in organic combination with the — 


polysaccharide. 

The specific viscosity, at 23°, of a 0.4 per cent solution of the acetylated 
polysaccharide in m-cresol, was 0.094. By Staudinger’s formula with 
Am = 10°* (13), a molecular weight of approximately 6760 was obtained 
for the acetylated derivative. 

Regeneration of the Polysaccharide from Its Acetate--A sample of 0.15 
gm. of the acetate (obtained from Lot 10) was deacetylated with 5 cc. of 
50 per cent aqueous methyl alcoholic 3 per cent potassium hydroxide, 
according to the method previously described (14). The deacetylated 
polysaccharide was soluble in water and had a nitrogen content of 1.12 
percent. The persistence of the nitrogen after acetylation and deacetyla- 
tion of the polysaccharide presents additional evidence that part of the 
nitrogen is not an impurity but probably exists in organic combination 
with the carbohydrate. 
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Immunological Properties of the Polysaccharide 


Skin Reaction—The culture filtrate gave reactions in sensitive individuals 
in dilutions up to about 1:10,000. The polysaccharide prepared by frac- 
tional precipitation of the free acid of the polysaccharide from alcohol 
gave positive skin reactions when 0.00001 mg. of the substance was injected 
intracuteneously. The polysaccharide obtained by regeneration of the 
acetate gave no reaction when injected in amounts as high as 0.01 mg. 


I 
Precipitin Tests with Various Polysaccharide Preparations 


Dilution of antigen 


Serum Antigen | | 
Culture filtrate ++++ ++ + 0 0 0 0 
_Alecohol-pptd. poly. ++4+4+ 44444 44444444 4+ + 
saccharide 
Regenerated polysac-++++ ++++ +4 + 
charide 
Aleohol-pptd. poly. ++ + 
saccharide | 
Regenerated polysac-|+ +++ ee +e +e 
charide 
Pleural Culture filtrate ++ 0 0 v 
fluid Alecohol-pptd. poly- ++4+4+ 4444+ +444 444 + 
saccharide 
Regenerated polysac- ++++ ++++ 4+. 0 
charide | 
Normal Culture filtrate 0 0 0 
serum Alecohol-pptd. poly. 0 0 0 
saccharide 
Regenerated polysac. 0 0 0 
charide 


+++-+ = complete precipitation; + — partial precipitation; 0 — no precipita 
tion. 


When unacetylated polysaccharide was treated with alcoholic potassium 
hydroxide under conditions similar to those used for regenerating the 
acetate, it also gave no skin reaction. 

Complement Fixation— The culture filtrate, but not the polysaccharide 
prepared by alcohol precipitation, fixed complement in the presence of 
serum from patients with coccidioidomycosis. The regenerated poly- 
saccharide was not tested. 
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Precipitative Reaction—The culture filtrate, the alcohol-precipitated 
polysaccharide, and the regenerated polysaccharide gave positive precipi- 
tative reactions. Serum was used undiluted in 0.1 cc. amounts and was 
mixed with various dilutions of antigen in 0.85 per cent sodium chloride 
solution buffered at pH 7.0. The tubes were incubated at 37° overnight 
and observed for a total of 48 hours. Insufficient amounts of sera were 
available for the optimal dilution method. Data obtained with two sera, 
and one sample of pleural fluid obtained from patients with coccidioidomy- 
cosis, and one sample of normal serum are presented in Table I. 


DISCUSSION 


The isolation of barium galacturonate from the hydrolysis products 
of the polysaccharide establishes the presence of galacturonic acid units in 
this compound. Direct analysis of the polysaccharide yielded 10.5 per 
cent uronic acid, a value which is in fair agreement with 11 per cent galac- 
turonic acid isolated as the barium salt from the hydrolyzed solution. 

The fact that the specific rotation of the hydrolyzed solution was nega- 
tive after removal of the galacturonic acid, and also that a mixture of glu- 
cosazone and an unidentified osazone could be observed, indicates the 
presence in the polysaccharide of another sugar besides glucose. When the 
glucose was fermented out from the solution with Torula monosa, 30.5 
per cent of reducing sugar remained. The galacturonic acid, glucose, and 
the unidentified sugar therefore exist in the polysaccharide in the approxi- 
mate ratio of 1:6:3, respectively. 

The polysaccharide (Lot 9) contained 3.2 per cent total nitrogen, of 
which 0.6 per cent could be accounted for as amino acid nitrogen. How- 
ever, when the polysaccharide was subjected to the specific protein tests 
(Millon, xanthoproteic, glyoxylic acid, and biuret tests), the results were 
negative. This suggests that the nitrogenous substance is probably some 
compound other than protein. Part of the nitrogen in the polysaccharide 
(Lot 10) persisted throughout the process of acetylation and deacetylation. 
The average nitrogen content of two different samples of the acetylated 
polysaccharide was 0.94 per cent, while in the deacetylated product it was 
1.12 per cent. When allowance is made for the increase in molecular 
weight of the polysaccharide due to the acetyl groups introduced, the 
amount of nitrogen is virtually unchanged. This fact indicates that part 
of the nitrogen is an integral part of the polysaccharide molecule. 

Both the original culture filtrate and the alcohol-precipitated polysac- 
charide gave positive skin reactions, but the polysaccharide obtained by 
regeneration from the acetyl derivative and a sample of the alcohol-precip- 
itated polysaccharide treated with alcoholic potassium hydroxide were 
no longer active. All three preparations gave positive precipitative reac- 


1 
| 


My 


= 3 


310 IMMUNOLOGICALLY ACTIVE POLYSACCHARIDE 


tions. These facts allow two interpretations. Since the process of acety- 
lation and regeneration of the polysaccharide resulted in a loss of nitrogen, 
it is possible that the reduction in nitrogen content was the result of the 
elimination of the substance responsible for skin reactivity. This explana- 
tion would also require that the substance responsible for skin reactivity is 
different from the substance giving the precipitative reaction. A second 
possible interpretation is that treatment with alcoholic potassium hydrox- 
ide altered some group in the polysaccharide molecule necessary for skin 
reactivity but not necessarily required for the precipitative reaction. 
This latter explanation is supported by the loss in skin reactivity of the 
alcohol-precipitated polysaccharide treated with alcoholic potassium hy- 
droxide. It seems’ probable that the latter interpretation is correct in 
view of the fact that it was not possible to detect the presence of protein 
in any of the preparations. 

The loss in ability of the polysaccharide to fix complement after alcohol 
precipitation may possibly be explained by some alteration of the physical 
state of the polysaccharide or by a removal of some lipid constituent of the 
original culture filtrate. 


SUMMARY 


The preparation and properties of the polysaccharide produced by 
Coccidioides immitis have been described. 

The polysaccharide consists of units of galacturonic acid, glucose, and 
some unidentified sugar. A nitrogenous compound, apparently other than 
protein, is associated with the polysaccharide. 

The polysaccharide gives a positive skin reaction in sensitive individuals. 
However, the polysaccharide obtained by regeneration from the acetyl 
derivative no longer produces this skin reaction. Both the original 
polysaccharide and that obtained from the acetylated derivative give 
positive precipitative reactions. 


The authors wish to thank Dr. C. E. Smith and Miss R. J. Wheatlake 
of the Department of Public Health and Preventive Medicine, Stanford 
University School of Medicine, for assistance with some of the skin tests 
and serological reactions and for many helpful suggestions. 
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THE EFFECT OF CERTAIN DIETARY INGREDIENTS ON THE 
KEEPING QUALITY OF BODY FAT* 


By RICHARD H. BARNES, W. O. LUNDBERG, H. T. HANSON, anv 
GEORGE O. BURR 


(From the Division of Physiological Chemistry, University of Minnesota, Minneapolis) 


(Reeeived for publication, May 21, 1943) 


In general there are two basic factors of importance governing the 
resistance of natural fats to rancidification. These are (1) the composition 
of the component glycerides and (2) the amount and nature of existing 
natural antioxidants. In the actual practice of preparing animal fats for 
consumption, as in the rendering process, several other factors such as the 
presence of enzymes, contamination with prooxidants, and so on are of 
great importance. However, in the present study these latter factors will 
not be directly considered. 

As it is known that the composition of body fat can be altered by the 
type of food ingested, it follows that the keeping quality of this fat would 
also be altered. Indirectly this has been a frequent observation. Animal 
fats of low melting points are usually more susceptible to oxidative rancidi- 
fication than the more solid fats. Lea (1, 2) has given evidence that the 
inclusion of cod liver oil in the food of swine results in an increased suscepti- 
bility of the animal's fat to oxidation. It was assumed that traces of cod 
liver oil acids had been deposited in the fat stores and that they activated 
the oxidation of the other fat that was present. 

Lea has further proposed that stability of animal fat may be influenced 
by antioxidants in the diet (2). Some indirect evidence that dietary 
antioxidants may be deposited in fat stores and thus enhance the keeping 
quality of body fat is found in the observation that ingestion of large 
amounts of soy beans, although known to increase the iodine value, does 
not decrease the keeping time of the body fat (3). Natural antioxidants 
of the soy bean oil may have been deposited in the fat stores and acted 
to counteract the effect of the increased unsaturation. In an attempt to 
study the possible stabilization of body fat by dietary antioxidants, Over- 
man (4) fed ascorbic acid and hydroquinone to rats, but found no definite 
changes in keeping time, although there was some slight indication that 
ingestion of ascorbic acid improved the stability. 

The present investigation was undertaken in an attempt to provide 


* Aided by grants from the Hormel Research Foundation and the National Dairy 
Council. 

Presented before the Division of Agricultural and Food Chemistry of the Ameri- 
ean Chemical Society at Detroit, April, 1943. 
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further information concerning the influence of diet on the stability of 


body fat. 
EXPERIMENTAL 


The general plan of the following experiments was to feed specially 
prepared diets to albino rats of a given sex. At the appropriate time the 
rats were killed by etherization and exsanguination from the large abdominal 
vessels. All fat from the abdomen except that lying in the mesentery 
was carefully removed and frozen in a cold room at a temperature of — 15°. 
When frozen, the fat was wrapped in several layers of coarsely woven 
muslin and pounded with a hammer. The fat was then transferred to 
small filter flasks, placed in a water bath at 60°, and evacuated with a water 
aspirator for about 1 hour. At the end of this time most of the water had 
been removed from the fat. The fat was then squeezed through several 
layers of muslin and filtered twice through a diatomaceous earth (Hyflo 
Super-Cel, Johns-Manville). In some cases it was not possible to carry 
out subsequent work immediately on the fat samples and they had to be 
stored at —15° for 4 to 6 weeks. In early experiments filtration with 
diatomaceous earth was not carried out and it was found that in these 
samples storage at low temperature caused a marked decrease in keeping 
time. Filtration through the diatomaceous earth effectively prevented this 
deterioration during storage. In any one experiment all fat samples were 
treated in an identical fashion, so that while variations in the keeping 
time of fats from animals raised on the same regimen may be different from 
one experiment to another, comparison of different fats in a given study 
can be made. The keeping time of the fats was judged by measurement of 
the peroxide accumulation in 1.5 cc. samples which were kept in small 
glass vials in an oven regulated to 63° + 0.5°. Peroxide values (milli- 
equivalents per kilo) were determined by the method described by King, 
Roschen, and Irwin (5). Iodine values (Wijs) were determined on most 
of the original fat samples. In two experiments such small quantities of 
fat were recovered from the rats that keeping time was judged by the rate 
of oxygen absorption of 0.2 cc. samples of fat kept at 100° in a Warburg 
apparatus. More details will be given in the description of the individual 
experiments. 

Experiment 1. Effect of Three Common Laboratory Diets on Keeping 
Time of Body Fat—Three groups of five rats each were kept on the following 
diets from the time of weaning until they were approximately 150 days old: 
(1) a purified diet of the following percentage composition, sucrose 45, 
casein 28, lard 18, salts (modified (6)) 4, yeast 5, 2 drops of cod liver oil 
and 1 drop of wheat germ oil to each rat twice a week; (2) a commercial 
food widely used in rat colonies (Purina fox chow); (3) a stock diet which 
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had been used in the rat colony at this laboratory and which had the fol- 
lowing composition, whole ground wheat 66.5, casein 15.0, milk powder 10.0, 
butter (unsalted) 5.2, NaCl 0.8, CaCO, 1.5, cod liver oil 1.0. 

Peroxide accumulation as shown in Fig. | indicates a prolonged keeping 
time of the fat from rats fed the laboratory stock diet. A sharp drop in 
jodine value of the fat from this group offers one explanation for the in- 
creased stability. However, from this experiment alone the possibility 
of an antioxidant deposition in the fat cannot be ruled out, but regardless 
of its interpretation this experiment does show that diet can have a rather 
marked effect on the keeping time of the animal’s fat. 


Fic. 1. The effect of three common laboratory diets on the keeping time of body 
fat. 
Fic. 2. The effect of incorporating several antioxidant sources in the diet. 


Experiment 2. Effect of Incorporating Several Antioxidant Sources in 
Diet—Four groups of five rats each which had been raised on the laboratory 
stock diet from the time of weaning until they were approximately 150 days 
old were fed for 30 days as follows: Group 1 was continued on the stock 
diet and served as controls, Group 2 received 10 per cent rice bran, Group 3, 
10 per cent avenex (an oat product), and Group 4, fresh lettuce ad libitum. 
Rice bran has been recently shown to have some antioxidant properties (7); 
avenex has been claimed to act as an antioxidant for several fats (8); and 
lettuce has been known for some time to be a source of inhibitols (9). As 
indicated in Fig. 2, supplementation of the diet with these antioxidant 
substances did not increase the keeping time of the body fat. 
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Experiment 8. Influence of Protein Level and Presence of Yeast in Diet~ 
The purified diet described in Experiment 1 was used as a basic dict for 
this study. By isocalorically exchanging casein and glucose and also pro- 
viding for a 50 per cent protein content of yeast, the high protein diets 
were made to contain 30 per cent protein and the low protein diets 15 per 
cent protein. In one low and one high protein diet the 5 per cent yeast 
was replaced by synthetic vitamins, so that in the absence of yeast the diet 
still contained the same absolute amounts of those B vitamins which are 
known to be necessary for the rat. These four diets were fed from the 
time of weaning until the rats were approximately 150 days old. From 
Fig. 3 it is seen that none of these alterations in diet influenced the keeping 
time of the body fat. The high protein diets gave more rapid growth, but 
the amount of fat deposited was about the same for each group. Yeast 
has been recently shown to have antioxidant properties (7, 10) but it is 
seen here that its presence in the diet is not necessary for the normal sta- 
bility of body fat. 

Experiment 4. Influence of Different Types of Dietary Fat-—As a basic 
diet for this study the purified diet described in Experiment 1 was again 
used. The fat was altered so that Group | received lard (Hormel); 
Group 2, corn oil (Mazola); Group 3, hydrogenated vegetable oil (Crisco); 
and Group 4, fresh butter fat. As seen in Fig. 4, the rats receiving butter 
fat had the most stable body fat. At the same time the iodine value of this 
fat is the lowest of the four groups. This indication of an altered composi- 
tion of the body fat offers a possible explanation for the prolonged keeping 
time of the body fat in this group. As the laboratory stock diet also con- 
tained butter fat and provided for a stable fat, it is probable that the butter 
fat content of this diet was the factor responsible for the increased keeping 
time noted in Experiment 1. The ingestion of Mazola and Crisco provided 
a better body fat than lard. As the iodine value of the fat from rats 
receiving both of these fats was higher than that of the lard-fed animals, 
it is probable that antioxidants, naturally occurring in these two fats, had 
been deposited in the fat depots. Some such factor must have been acting 
to counteract the influence of the increased unsaturation. 

Experiment 5. Influence of Tocopherols, Wheat Germ Oil, and Hydro- 
quinone—Four groups of rats which had been raised on a commercial diet 
(Purina fox chow) from the time of weaning until they were approximately 
150 days old were used in this experiment. They were transferred to the 
purified diet described in Experiment 1, which contained 18 per cent lard 
(Hormel). Group 1 was continued on this diet without supplementation 
for 30 days; Group 2 received 0.25 ec. of 15 per cent mixed tocopherols 
(Distillation Products, Inc.) twice weekly; Group 3 received 0.5 cc. of 
wheat germ oil (viobin) twice weekly; and Group 4 had 50 mg. of hydro- 
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quinone mixed in 100 gm. of diet, providing about 5 mg. of the compound 
each day. Supplementation of diets with tocopherols and wheat germ oil 
has been carried out in two additional experiments that are not described 
here. In both of these experiments the results were comparable to those 
shown in Fig. 5. The slight stabilizing effect of the tocopherols noted in 
Fig. 5 was not a regular finding. In confirmation of the work of Overman, 
hydroquinone ingestion did not increase the stability of the body fat. 
Experiment 6. Influence of Rancid Fat in Diet from Time of Weaning— 
Two groups of rats were raised on the high protein-synthetic vitamin B 
diet described in Experiment 4, from the time of weaning until they were 
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Fic. 3. The influence of the protein level and the presence of yeast in the diet. 
Fia. 4. The influence of different types of dietary fat. 


approximately 80 days of age. In Group | the lard was protected from 
any deterioration by refrigeration and in Group 2 the lard was heated and 
aerated until it had reached a peroxide value of 200 to 400. As seen in 
Fig. 6, the body fat of the rats receiving rancid fat had a decreased keeping 
time. The effect of the rancid lard in the diet might have been brought 
about by the absorption and deposition of certain prooxidants in the fat 
tissues or through the destruction of dietary antioxidants that are essen- 
tial for the natural stabilization of body fat. 

Experiment 7. Influence of Ingesting Rancid Fat by Adult Rats—Three 
groups of rats were raised on a commercial food (Purina fox chow) until 
they were approximately 150 days old. The rats were then fasted for 1 
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week and given the purified diet described in Experiment 1. At this time 
Group 1 was killed and Groups 2 and 3 were given the same diet, but the 
lard had been rancidified to a peroxide value of about 200. Group 2 was 
killed after 2 weeks and Group 3 after 4 weeks on the rancid lard diets. In 
this case there was no reduction in the keeping time of the body fat as a 
result of ingestion of rancid lard (Fig. 7). This indicates that the redue- 
tion of keeping time noted in Experiment 6 was not due to the absorption 
and deposition of prooxidants, for if such had been the case the body fat 
in the present experiment would also have shown a reduced keeping time. 
The alternative explanation that the rancid fat destroyed necessary anti- 
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Fic. 5. The influence of tocopherols, wheat germ oil, and hydroquinone 


oxidants which were in the diet leads to two postulations. First, the 
natural stability of body fat necessitates the presence of antioxidants in 
the diet, and second, naturally occurring antioxidants in the body fat are 
stored and do not require constant replenishment. Proof of the first 
postulation is offered in the succeeding two experiments. 

Experiment 8. Influence of Vitamin E-Deficient Diet—A group of rats 
was raised from the time of weaning until they were approximately 100 
days old on a diet which was free of vitamin E and fat. The percentage 
composition of the diet was sucrose 84, casein 12, and salts (11) 4. One- 
fourth teaspoonful of yeast into which carotene and viosterol were mixed 
was supplied each day. For 2 weeks before the termination of the experi- 
ment each animal received a daily dose of 10 drops of the ethy! esters of 
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corn oil fatty acids completely free from unsaponifiable matter. This was 
given in order to stimulate fat synthesis, because the fat-free diet had 
almost completely inhibited fat deposition. For controls a group of rats 
which had been raised on the commercial food was used. The amount of 
fat in the vitamin E-deficient rats was so small that the previously used 
technique of measuring peroxide accumulation could not be used. Instead, 
a standard Warburg apparatus with glycerol in place of water as a heating 
bath and with light mineral oil in place of the usual manometer fluid was 
used. The regular Warburg respiration flasks containing 0.2 cc. of the 
test fat were connected to the manometers with mineral oil as a lubricant 
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Fic. 6. The influence of rancid fat in the diet from the time of weaning. 
Fic. 7. The influence of ingesting rancid fat by adult rats. 


and then placed in the glycerol bath at 100°. The system was filled with 
tank oxygen and the manometers set in motion. Readings and corrections 
were applied as in normal studies on respiration. In Fig. 8 the oxygen 
absorption values are given in arbitrary units, but the relative keeping 
times are clearly indicated. The reduced keeping time of the body fat 
from the vitamin E-deficient animals gives added proof that the natural 
stability of the rat’s fat is dependent upon antioxidants derived from the 
diet. Furthermore, this experiment indicates the important rdéle that 
Vitamin E may play in this stabilization. 

Experiment 9. Effect of a-Tocopherol and Hydroquinone on Stability of 
Fat in Vitamin E-Deficient Rats—Since the ingestion of a vitamin E-free 
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diet sharply reduced the keeping time of body fat and as in previous studies 
it had been found that the administration of supplemental tocopherols did 
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Fic. 8. The influence of a vitamin b-deficient diet 


¥. The effect of a-tocopherol and hydroquinone ou the stability of fat in 
vitamin E-deficient rats. 


not extend the keeping time of normal fat, the following experiment was 
carried out. Three groups of rats that had been raised from the time of 
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weaning until they were approximately 80 days old on a diet which was 
free of both fats and vitamin FE were given daily supplements of the ethyl 
esters of corn oil fatty acids for 30 days. The rats in Group 1 were then 
given by stomach tube 2 cc. of the methyl esters of corn oil acids. Group 2 
in a like manner received 50 mg. of hydroquinone dissolved in water and 
2 ce. of the corn oil esters. Group 3 received 200 mg. of a-tocopherol dis- 
solved in 2 cc. of the corn oil esters. The dose of hydroquinone proved 
lethal for one rat in Group 2 and two others exhibited signs of some toxicity 
for | day following its administration. 6 days after the supplements were 
given, the rats were killed and their abdominal fat prepared for measure- 
ments of oxygen absorption. In this experiment a slightly different flask 
from that used in Experiment 8 was employed and the test was carried 
out with the flasks filled with air rather than oxygen. For these reasons 
keeping times in kxperiments 8 and 9 are not comparable. The very 
short induction period for the vitamin E-deficient rats is again seen (Fig. 9). 
Hydroquinone did not increase the keeping time, but appeared to exert 
a deleterious effect. a-Tocopherol markedly increased the keeping time, 
but fat from rats raised on commercial food and studied under conditions 
which were comparable to those employed in this experiment have indi- 
cated that the a-tocopherol had not brought about a return of the keeping 
time to normal. 


DISCUSSION 


These experiments have demonstrated the very wide variations in keep- 
ing time of body fat that may be brought about by changes in diet. One 
pure compound, a-tocopherol, has been found to play an important réle 
in the stabilization of animal fats. However, there appears to be some 
peculiarity in the over-all influence of this substance in the diet. If the 
diet is completely free of tocopherols and other possible antioxidants that 
occur in fats, the stability of the body fat is sharply reduced. In fact it 
is likely that in this fat antioxidant protection is completely absent. If 
a-tocopherol is supplied to these animals in one enormous dose, the keeping 
time is increased, indicating that dietary tocopherols are actually deposited 
in the fat stores and offer protection against oxidation. However, the 
keeping time of fat from rats receiving a normal vitamin E-containing diet 
is not increased by feeding supplemental vitamin E, either as tocopherols 
or wheat germ oil. As the keeping time of a carefully rendered lard may 
be substantially increased by the direct addition of small amounts of 
either mixed tocopherols or wheat germ oil, it is not clear why the keeping 
time of body fat should not be enhanced by ingesting larger quantities of 
the tocopherols. Another factor that makes the interpretation of the 
influence of dietary antioxidants obscure is the observation that ingestion 
of corn oil increases the keeping time of the body fat even though the iodine 
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value of this fat is increased almost 2-fold. The mechanism of stabiliza- 
tion of body fat by dietary antioxidants is certainly not clear, but one 
conclusion does seem to be justified. The naturally occurring antioxidants 
in body fat of the rat cannot be synthesized by the animal, and, therefore, 
like the vitamins, must be supplied by the diet. 


SUMMARY 


1. The natural stability of body fat from rats receiving a normal diet 
can be increased but this increase has been found to be relatively small 
and it is probably due to changes in both glyceride composition and anti- 
oxidant content brought about by alterations in the dict. 

2. Dietary supplements of lettuce, avenex, rice bran, yeast, casein, 
hydroquinone, mixed tocopherols, or wheat germ oil do not increase the 
keeping time of body fat which already possesses a norma! stability. 

3. The keeping time of body fat of the rat is markedly reduced by the 
continued ingestion of a diet which is free of vitamin EF and other sources 
of fat-soluble antioxidants. It is proposed that, in the rat, antioxidants 
of the body fat are derived solely from the diet. 

4. The ingestion of certain antioxidant substances such as yeast and 
hydroquinone does not restore the normal stability to body fat from vita- 
min E-deficient rats, but a-tocopherol effects such a restoration. 

5. Prooxidants of rancid fat are not stored in the fat depots, but if such 
fat is ingested throughout the growing period of a rat, body fat stability 
is reduced, presumably owing to destruction of the dietary antioxidants. 

6. Naturally occurring antioxidants in the fat depots do not require 
frequent replenishment from the diet, but are stored for relatively long 
periods. 
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ADDITIONAL OBSERVATIONS ON THE CHICK ANTIANEMIA 
VITAMIN* 


By BOYD L. O'DELL ano ALBERT G. HOGAN 
(From the Department of Agricultural Chemistry, University of Missouri, Columbia) 


(Reeeived for publication, May 20, 1943) 


While attempting to devise a simplified ration that is adequate for the 
chick, Hogan and Parrott (1, 2) observed that on certain rations the number 
of red blood cells was distinctly subnormal. The anemia was of the hyper- 
chromic, macrocytic type, and it was due to the lack of an unrecognized 
vitamin which was designated vitamin B,.. An aqueous extract of liver 
is one of the best sources of the vitamin. It is adsorbed from acid solution 
on fullers’ earth and is easily destroyed by heat in acid solution. The 
essential features of the above report were confirmed by Mills, Briggs, 
Elvehjem, and Hart (3) who also have shown that chicks maintained on a 
simplified diet require an unrecognized factor to promote growth, hemo- 
globin formation, and normal feathering. 

The purpose of the present investigation was (1) to improve the diet 
used for producing anemic chicks, (2) to develop a technique for the assay 
of vitamin B., and (3) to obtain additional information on its chemical 


properties. 
EXPERIMENTAL 


Day-old white Leghorn chicks, obtained from the University poultry de- 
partment, were divided into groups of eight and placed in electrically 
heated batteries. Water and the experimental ration were supplied ad 
libitum. The chicks were weighed at regular intervals. When they were 
3 weeks of age, and each week thereafter, blood samples were taken to 
determine the degree of anemia. Very few chicks were anemic at 2 weeks 
of age. The chicks which had not become anemic by the end of the 5th 
week were discarded and the red cell volume was recorded as normal. 


Biological Studies 


Criteria of Anemia -Hogan and Parrott (2) used erythrocyte counts and 
hemoglobin content to determine the degree of anemia, but counting eryth- 
rocytes is quite laborious and there was considerable variability in read- 
ing the visual colorimeter used at the time in making hemoglobin determina- 


* Contribution from the Department of Agricultural Chemistry, Missouri Agri- 
cultural Experiment Station, Journal Series, No. 894. Aided by a grant from Parke, 
Davis and Company 
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tions. In an effort to eliminate these objecticnable features, determination 
of the red cell volume by use of the Van Allen hematocrit tube (4) was found 
to be quite rapid and efficient. In this determination a measured volume 
of blood is mixed in a Van Allen tube with a 1.3 per cent solution of sodium 
oxalate and centrifuged until the erythrocytes are solidly packed. This is 
accomplished by centrifuging for 20 minutes in an International centrifuge, 
size 1, at a speed of 2500 R.P.M. 

In order to determine the relation between red cell count, hemoglobin 
content, and the hematocrit value, these three determinations were made 
on over 60 samples of blood taken at random from chicks on anemia- 
producing rations. The results by all of the methods showed quite close 
correlation. An attempt to derive a mathematical relation between the 
red cell volume in per cent and the red cell count, according to the method 
of Mills (5), gave the equation, C = 8.42 + 10.42F, in which C is the red 
cell volume in per cent and FE is the erythrocyte count in millions per ¢.mm. 
The coefficient of correlation is 0.85. A similar relationship between the 
red cell volume and the hemoglobin content is expressed by the equation, 
H = 0.66 + 0.18C, in which // is the hemoglobin content in gm. per 100 ce. 
of blood and C is the red cell volume in per cent. The coefficient of corre- 
lation is 0.94, showing that approximately the same degree of anemia i 
indicated by these two methods. 

The relation between the cell volume and the erythrocyte count, and 
between the cell volume and hemoglobin content, is shown in Figs. | and 2. 

Fig. 1 shows that as the anemia develops the rate of decrease in cell 
volume is accelerated. This indicates that the cells become larger when 
the anemia begins to develop, though there is no reason to suppose that the 
cells continue to increase in size as the anemia progresses. Presumably the 
same type of curve would be obtained if the large cells disappeared more 
rapidly than those that are smaller. Fig. 2 indicates that as the hemo- 
globin content decreases the cell volume decreases at a constant rate. 

During the first part of the investigation a chick was considered anemic 
when the hematocrit value was 25 per cent or less. It was found that 
assays for the curative agent were more reliable if the cell volume was 
allowed to fall still lower; therefore in the latter part of the study a chick 
was not classed as anemic until the red cell volume reached the arbitrary 
value of 20 per cent by volume. This corresponds to a hemoglobin value 
of 4.26 gm. per 100 cc. of blood and to an erythrocyte count of 1.11 milhons 
perce.mm. The normal hematocrit value for thirty-five chicks 3 to 5 weeks 
of age, maintained on a practical diet of natural foodstuffs, was 32 per cent. 
Calculated by the formulae given above this would correspond to an eryth- 
rocyte count of 2.26 millions per ¢.mm. and a hemoglobin content of 6.42 
gin. per 100 ce. 
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Assay Technique--When the red cell volume fell to 20 per cent, or less, 
the chicks were used to assay experimental materials. They were con- 
tinued on the basal diet, and the preparation to he assayed was adminis- 
tered orally every other day for a 12 day period. The final hematocrit 
reading was taken on the 14th day. Dry preparations were administered 
in gelatin capsules and liquids by pipette. Both positive and negative 
controls were maintained on the basal diet during the assays. The chick 
unit of vitamin B. is defined as the amount that must be administered every 


356 


Red Cell Volume (percent) 


2.55 2.10 1.65 1.35 0.90 0. 0.15 
Erythrocyte Count (Millions per cu. mm.) 


Fie 1. Red bleed cell volume is not a linear function of the red cell count 


other day for six doses to bring the hematocrit reading from 20 per cent 
or below to 30 per cent or above in at least 60 per cent of the chicks. Chicks 
which did not survive the first 5 days of the assay period were disregarded, 
but those which died after the 5th day were classified as failures. 

Rations Used for Production of Anemia-—The diets were of the simplified 
type, consisting of casein, corn-starch, salts, lard, vitamins, and a liver 
extract fraction. The diet of Hogan and Parrott contained tikitiki and a 95 
percent alcohol extract (Liver Extract 3703) of dried pork liver as sources 
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of the B vitamins other than thiamine and riboflavin. As other synthetic 
vitamins became available, it was found that more uniform results were 
obtained when tikitiki was omitted and pyridoxine was included. How- 
ever, the alcoholic liver extract could not be dispensed with until quite 
recently, when it was found that it could be replaced by biotin and other 
known members of the vitamin B complex. As previously mentioned, 
during the first part of this investigation the chicks were considered anemie 
when a hematocrit value of 25 per cent by volume was reached instead of 
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Red Cell Vulume (percent) 


66 | 


Hemoglobin Content (grams per 100 cc) 


Fic. 2. Red blood cell volume is a linear function of the hemoglobin content 


the present standard of 20 per cent. The data will therefore be presented 
in two sections, corresponding to the standard by which the chicks were 
classified as anemic. 

1. A red cell volume of 25 per cent was the standard. ‘Table I gives the 
composition of diets employed during this part of the study. Tikitiki was 
first replaced by pyridoxine in Ration 6636. This diet contained only 
100 y of pyridoxine in addition to that supplied by Liver Extract 3703. 
Optimum growth is not supported by this amount, but large amounts 
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of the vitamin apparently decrease the incidence of anemia. This is 
indicated by a comparison of the response of chicks from a flock restricted 
to dry feed which received Rations 6636 and 6637, shown in Table II. 


Tasie I 
Composition of Ki Rations 


Constituents | Ration 6636 | Ration 5056 
per cent per cent 
Casein 35 35 
Corn-starch 43 | 45 
Salts" 4 | 4 
Cellu flour | 3 3 
Lard | 7 7 
Cod liver oil | 2 2 
Wheat germ oil 4 4 
Liver extract 3703 2 
Vitamins added per 100 gm. ration | 
mg. még 
Thiamine hydrochloride | 0.2 | 0.2 
Riboflavin 0.4 0.4 
Pyridoxine hydrochloride 0.1 | 0.3 
Calcium pantothenate | | | | 1.0 
Choline chloride 100.0 


. A modification of Salt Mixture 351, deacribed by Hubbell, Mendel, and Wake- 
man (6). 2.5 gm. of manganous sulfate, MnSO,-4H,O, were added to 100 gm. of 
Salt Mixture 351. 


Taste Il 
Incidence of Anemia As A i fected by Diet of Laying Flock and of Experimental Chicks 


Average 
Ration hick No. of ~ Mor- | Ane- 
No. | e of chicks*® rd tality | micf 


6636 Winter flock allowed open range  ~S 74 27 62 
6636 Summer | 87 34 40 
6636 restricted to dry feed 74 73 20 70 
6637 =. 16 90 6 31 
wee Winter “ allowed open range | @ 70 45 45 


° ’ Number surviving at ‘the ond of the Ist week. 
t A red cell volume of 25 per cent or less at the end of the 5th week. 


Ration 6637 was the same as Ration 6636 except that it contained 300 y 
of pyridoxine. Approximately 70 per cent of the chicks from the summer 
flock maintained on Ration 6636 became anemic, while only 31 per cent 
became anemic on Ration 6637. The higher level of pyridoxine markedly 
decreased the mortality rate. 
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Ration 6636 was first employed in the winter months, and during this 
time about 62 per cent of the chicks became anemic. However, as the 
spring and summer months came on, the incidence of anemia decreased, 
dropping to 40 per cent of the total, as is shown in Table Il. Although the 
hens from which the eggs were obtained were allowed free range throughout 
the year, they would not be able to obtain as much green feed during the 
winter as during the summer. It was suspected, therefore, that the anti- 
anemia factor was being stored in the egg from the green feed which the 
hens consumed during the summer months. To test this hypothesis part 
of the summer flock was kept indoors and fed a practical laying ration of 
natural feeds. Ration 6636 was fed to chicks from this flock and the inei- 
dence of anemia increased to 70 per cent, which is slightly better than was 
obtained during the winter months with the flock on open range. Thus it 
appeared that the factor is abundant in green feeds and is stored in the egg. 
Thereafter the chicks were obtained from hens restricted to dry feed. 

As more synthetic vitamins became available, an effort was made to 
dispense with Liver Extract 3703. Ration 5056, containing thiamine, 
riboflavin, pyridoxine, pantothenic acid, and choline, but no liver extract, 
is an example of such an attempt. The rate of growth was about the same 
as on the other type of diet, but the mortality rate was excessive. As will 
be shown later, this was probably due at least partially to a biotin defi- 
ciency. 

2. A red cell volume of 20 per cent was the standard. It is unnecessary 
to point out that the use of this standard decreased to some extent the 
percentage of chicks which were classed as anemic. The composition of 
the rations used during this phase of the investigation is shown in Table IL 

In an effort to produce a larger number of chicks that were useful for assay, 
Ration 6636 was modified in various ways. The level of pyridoxine was 
increased to 0.3 mg. per 100 gm. of diet, though the change decreases 
slightly the incidence of anemia. However, the mortality rate is reduced, 
and since the survivors are superior test animals the over-all effect is ad- 
vantageous. Furthermore, the wheat germ oil and cod liver oil were re- 
placed by 2-methyl-1 ,4-naphthoquinone, a-tocopherol, and a vitamin 
concentrate which contained vitamins A and D. The effect on the inei- 
dence of anemia due to the addition of sulfaguanidine to the diet was also 
studied. Our observations are summarized in Table IV. 

It will be noted that in addition to the column showing the percentage 
of anemic chicks, a column is included which indicates the percentage of 
chicks which were usable for assay purposes. A useful chick is defined as 
one which has a red cell volume of 20 per cent or less and survives the first 
5 days of the period during which supplements are administered. This 
information is helpful in evaluating a basal ration, since a diet may produce 
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Taste Ill 
Composition of Rations 


Constituents 


Casein 

Gelatin 

Corn-starch 

Dextrin 

Cellu flour 

Lard 

Soy bean oil 

Wheat germ oi! 

Salts* 

Liver Extract 3703 

Mixture (vitamins A, D, K)t 
Vitamins added per 100 gm. ration 


Thiamine hydrochloride 
Riboflavin 

Pyridoxine hydrochloride 
Calcium pantothenate 
Choline chloride 
Nicotinic acid 

Inositol 


Biotin (S. M. A. No. 200) 


* See foot-note to Table I. 


Ration No. 
6385 6554 
percent percent per cent 
35 35 25 
LO 
3 3 
3 3 
12.5 | 12.5 
4.5 
4 
2 2 
0.5 0 5 
me me. me. 
0.4 | 0.4 | 0.4 
0.8 | 0.85 | 0.5 
2 2 2 
200) 200 
10 
100 
¥ 
10 


— 


0.5 per cent of Mixture 6092 furnished 7250 1.v. of vitamin A, 7251.v. of vitamin 


D,0.1 mg. of 2 methyl-1,4-naphthoquinone, and 8 mg. of a-tocopherol. 


Natola, sup- 


plied by Parke, Davis and Company, was dissolved in corn oil and served as the 
source of vitamins A and D. while vitamins F and K were added as synthetic 


compounds 


Taste IV 


Incidence of Anema As Affected by Diet of Experimental Chicks 


Ration No Sulfaguanline Ne. of chicks* 


acted 
per cent 
0 206 
v2 
6385 0 ss 
6385 0.5 137 | 
6385 0.25 85 
6554 57 


Average 
weight, 


Sed wk 


* Number surviving at the end of the Ist week. 


Mortality Anemict 
per cent | per cent 
21 23 
23 60 
13 24 
10 | 53 
15 51 


t A red cell volume of 20 per cent or less at the end of the 5th week. 


Usable for 
assay 


per cent 
21 
39 
14 
21 
46 
51 
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a high proportion of anemic chicks but be impractical because of a high 
mortality rate during the assay period. 

It should be stated that there is considerable variation in the incidence 
of anemia. This is probably due to at least two factors: (1) the chicks 
themselves, and (2) the alcoholic extract of liver, No. 3703. That the 
source of the chicks affects the incidence of anemia has already been shown, 
Even when the diet of the hen is controlled, there is variation in the chicks 
from one hatch to another. Although the liver extract is prepared in as 
nearly the same manner as possible each time, the chicks do not respond 
to different preparations in exactly the same way. Ration 6091, which 
contains 0.3 mg. of pyridoxine per 100 gm. of diet and the vitamin A, D, E, 
and K mixture instead of the oil carriers, produced a rather low incidence 
of anemia, 25 per cent. However, it should be mentioned that although 
relatively few chicks were anemic according to the arbitrary standard many 
of the others had low hematocrit values and might be classed as anemic 
under less severe standards. Ration 6385 is similar to Ration 6091 except 
that it does not contain choline. The incidence of anemia on this ration 
was about the same as on Ration 6091, but the percentage of usable chicks 
was somewhat lower. 

The inclusion of sulfaguanidine in some of the rations was based on the 
theory that bacterial synthesis in the alimentary tract might make the 
antianemia factor available to the chick and thus reduce the incidence of 
anemia. Since Black, McKibbin, and Elvehjem (7) have used sulfa- 
guanidine successfully to prevent bacterial synthesis in the intestine of the 
rat, this drug was added to the chick rations at the levels indicated in 
Table IV. When it was added to Ration 6091 at a level of 1 per cent, the 
incidence of anemia was increased from 23 to 60 per cent without an increase 
in mortality. There was a decrease in weight, presumably because of a 
reduction in the number or amount of vitamins that were available to the 
chick. The chicks would still respond to treatment with the vitamin B, 
concentrates, which indicates that it was not entirely a toxic effect. The 
addition of 0.25 per cent sulfaguanidine to Ration 6385 increased the anemia 
from 24 to 53 percent. The addition of 0.5 per cent did not prove as useful 
as 0.25 per cent because of a higher mortality rate. 

Almquist, Stokstad, Mecchi, and Manning (8) and Hegsted ef al. (9) 
have shown that chicks require more glycine and arginine than is supplied 
by casein. Since our basal diet appeared to be deficient in these amino 
acids, 10 per cent gelatin was substituted for that amount of casein in 
Ration 6554. This change improved the growth rate and feathering, and 
thus produced a better test animal. Another improvement was made by 
discarding Liver Extract 3703, and adding a biotin concentrate.’ This 
modification eliminated one of the variables, the liver extract, and made it 


' Concentrate No. 200, obtained from the 8. M. A. Corporation. 
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possible to obtain a high incidence of anemia without the use of sulta- 
guanidine. Furthermore the chicks produced were superior in appearance 
and the mortality rate was reduced. 

When the new type of diet, Ration 6554, containing the biotin concen- 
trate was first tried, sov bean oil was used as a source of fat. Although this 
diet produced a fairly high proportion of anemic chicks, our past experience 
indicated that the substitution of wheat germ oil for sov bean oil increased 
the incidence of anemia. It was decided therefore to study the effect of 
various sources of fat on the incidence of anemia among chicks under ob- 
servation at the same time. These data, not included in Table IV, are 
summarized in Table V. 

Evidently chicks may at times become severely anemic on rations that 
contain soy bean oil, but up to the present the results indicate that the 
anemia develops much more consistently when the sov bean oil is replaced 
by wheat germ oil. Ration 6632 is similar to Ration 6582 except that the 


Taste V 
Incidence of Anemia Aas Influenced by Source of Fat in Diet 


Ay 
Source of fat weight, Mortality Anemic 
per | per ont par 
6554 Soy bean oil, 4.5% 7 07 21 38 30 
6582 Wheat germ oil, 4.5% 6 15 65 59 
6632 Lard, 4.5% 15 67 33 ri 20 


wheat germ oil ix replaced by lard. When lard was used as a source of fat, 
all of the surviving chicks became anemic, but the growth rate was low 
and the mortality rate was quite high. Since many of the chicks which 
became anemic died within a week, the percentage usable for assay was 
very low. It appears that the oils contain a factor essential for chicks 
maintained on this type of diet and that it is more abundant in soy bean oil 
than in wheat germ oil. It may not be identical with vitamin B,. 

Although the chicks develop anemia more readily when the liver extract 
is omitted, it is also true that they respond to treatment less readily. This 
difference may be due to the vitamin B, content of the liver extract, or to 
some other limiting factor which is supplied by this extract. 


Chemical Studies 
Fractionation Procedure#—An aqueous extract of beef liver seemed to be 
the most potent source of the vitamin. In most of the fractionation studies 


*A preliminary announcement of the isolation of crystalline vitamin B, was re- 


cently reported (10). 
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an extract prepared according to the following procedure was used. 50 
pounds of fresh, ground beef liver were stirred with 15 gallons of boiling 
water adjusted to pH 4.0. The temperature was maintained at 90° for § 
to 10 minutes; then the solution was allowed to settle. The supernatant 
liquid was decanted off and the residue filtered. This process was repeated 
with 10 gallons of water. The combined extracts (No. 4978) were con- 
centrated in vacuo to approximately 4 liters, and sufficient 95 per cent al- 
cohol was added to make a 50 per cent solution. The precipitate from this 
treatment was washed three to four times with 50 per cent aleohol and the 
washings were added to the original filtrate. The 50 per cent alcohol- 
soluble portion (Extract 4979) was concentrated to a syrup in vacuo, and 
constituted the source material for further fractionation. A curative unit 


Ground beef liver 


Aqueous extraction at pl! 4 


| 
Residue Extract (No. 4978) 
Aleohol added to 
by volume 


50% alcohol -soluble W% alcohol -insoluble 
portion portion 
(Extract 4979) (Extract 4980) 


of Extract 4979 was 400 mg. In more recent work an aqueous extract of 
pork liver corresponding to Extract 4978° has been used. 

The procedure for the preparation of a concentrate of vitamin B, is as 
follows: 1 kilo of Extract 4979 is dissolved in 10 liters of water and the 
solution is adjusted to pH | with dilute sulfuric acid. Any insoluble residue 
is removed by decantation and centrifuging. 200 gm. of English fullers’ 
earth are added to the filtrate and stirred for | hour. The earth is removed, 
washed three times with water, and the process is repeated with another 
200 gm. of fullers’ earth. The combined adsorbates are then eluted with 
0.2 N ammonium hydroxide, three portions of 3 liters each being used. 
The combined eluates are concentrated to a syrup under reduced pressure. 
The material contains 1 unit in 40 mg. and represents a yield of about 45 
per cent of the activity in the original extract. It is then dissolved in 
water to make a 5 per cent solution, adjusted to pH 1, and the flocculent 
material that does not dissolve is removed by centrifuging. The clear 


‘Supplied by Parke, Davis and Company. 
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filtrate is then adsorbed three times with a total amount of Super Filtrol* 
equivalent to twice the weight of solids. After washing, the filter cake is 
eluted with | per cent ammonia in 50 per cent alcohol, with three portions 
of 800 cc. each. The eluates are combined and concentrated to a con- 
venient volume. A unit of this material is about 15 mg., corresponding to 
a recovery of about SO per cent of the activity of the previous fraction. In 
some cases precipitation with phosphotungstic acid was introduced at this 
point. The material is dissolved in water to make a 5 per cent solution 
and is adjusted topH lt. A 10 per cent sodium phosphotungstate solution 
is added to the point of maximum precipitation. The mixture is allowed to 
stand in the refrigerator overnight, and the precipitate is centrifuged off 
and washed several times with water. The precipitate is decomposed by 
grinding in a mortar with a paste of barium hydroxide, and then extracted 


Taste VI 
Concentrates Prepared from Liver Extract 4979 

Description | Concentration | Recovery 

percent 
Eluate from readsorption with Super Filtrol. siwiviel 20 36 
10% ammonia cluate of norit adsorption at pH 3........| 7 22 

10% Amberlite IR4* adsorption at pH | 

445 4 40 
Barium hydroxide ppt. | 2 25 
Zine sulfate ppt. 4 36 
Phosphotungstic acid ppt. 5 SO 
Residue from cold methanol extraction 2 60 
Methanol ppt. of phenol solution | 5 95 


* The use of Amberlite IR4 was suggested by Dr. J. J. Pfiffner. 


with a hot solution of barium hydroxide. This process is repeated until no 
more color is removed. The barium is removed from both the filtrate and 
the decomposed precipitate as barium sulfate. A unit of the phospho- 
tungstic acid precipitate is 7 mg. and approximately 70 per cent of the 
activity of the previous fraction is recovered. This is about the same 
degree of concentration as is obtained by a second readsorption on Super 
Filtrol. The over-all vield is about 25 per cent, and the factor has been 
concentrated 55 to 60 times. 

Other procedures which have effected some concentration of the factor 
when applied to Extract 4979 are presented in Table VI, but in most cases 
the recovery was too low to make the procedure useful for the purpose of 


*The Super Filtrol was obtained from the Filtrol Corporation, 315 West Fifth 
Street, Los Angeles. 
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preparing a concentrate. Phosphotungstic acid precipitation offers some 
promise, but the use of this reagent would not be practical in the precipita. 
tion of crude extracts. The precipitation of a phenolic solution of the 
anti-pernicious anemia factor with a large volume of methanol was found 
useful by Ungley (11) in preparing concentrates of that factor. This 
procedure also proved helpful in concentrating vitamin B.. 

Properties of Vitamin B.. Stabtility--The factor is much more stable in 
alkaline than in acid solution. Approximately 50 per cent of the activity 
is lost by allowing a solution at pH 1 to stand at room temperature for 72 
hours. At least 80 per cent of the activity is lost by acid autoclaving for 
2 hours, whereas less than 50 per cent ts destroyed by alkaline autoclaving. 
Less than 30 per cent of the factor is destroved by standing in a 5 per cent 
solution of hydrogen peroxide at room temperature for 12 hours. 

Preciitants The factor is partially precipitated from a 10 per cent solu- 
tion of Extract 4979 with salts of lead, mercury, barium, zinc, and silver. 
Considerable loss is associated with lead and mercury precipitation. How- 
ever, no loss is sustained in precipitation with zinc, but less than 40 per cent 
of the factor is precipitated, 

Phosphotungstic acid gives almost complete precipitation. 

Soluinlity The factor as it occurs in crude concentrates is insoluble in 
the common organic solvents such as ether, chloroform, pyridine, ethanol, 
butanol, and acetone. It is very slightly soluble in dioxane and quite 
soluble in glacial acetic acid, phenol, and hot methanol. 

Adsorbents The factor is much more completely adsorbed on tullers’ 
earth from acid than from alkaline solution, but there is considerable lows 
associated with acid adsorption. Since the factor is quite labile to acid, 
the loss during adsorption can be at least partially attributed to destruction 
by hydrogen ions. However, acidification following the preliminary ad- 
sorption does not lead to such marked losses. In view of the fact that the 
factor is destroved at pH 1, attempts were made to adsorb it on fuller’ 
earth from more alkaline solutions. Less than one-third as much of the 
activity was recovered by adsorption at pH 3.4 as at pH 1, owing to in- 
complete adsorption. Practically none is adsorbed at pH 7. Readsorp- 
tion was carried out effectively with Super Filtrol which gave a 2- to 3-fold 
concentration and recovered approximately 80 per cent of the activity. 
The factor is completely eluted from fullers’ earth with a dilute ammonia 
solution. 

Norit, Nuchar, and Darco will remove the factor almost completely from 
solution at pH 5, but the recovery was unsatisfactory. It was not deter- 
mined whether the loss was due to destruction or to incomplete elution. 
The factor is eluted with difficulty, 5 to 10 per cent ammonia being 
required for the most complete elution. 
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Amberlite IR4, an acid adsorbent described by Mvers, Eastes, and Mvers 
(12), adsorbe the vitamin, and it may be eluted with 5 per cent ammonia to 
give a 40 to SO per cent recovery. Apparently aluminum oxide adsorbs 
the factor, but it has not yet been possible to recover it. Permutit and 
kaolin have not shown any promise as adsorbents. 

Comparison of Vitamin B, with Other Antianemia Factors —Simmons and 
Norris (13) have reported that xanthopterin will cure a nutritional anemia 
which developx in Chinook salmon maintained on a high protein diet. 
Inasmuch as the properties of xanthopterin resembled those of vitamin B,, 
it was prepared synthetically according to the method of Purrmann (14). 
It showed no curative action on the chick anemia. 

A sample of a potent [raction® containing the anti-pernicious anemia 
factor showed no activity for the chick. 


DISCUSSION 


This investigation confirms the conclusions reported by Hogan and 
Parrott (2), but there is one discrepancy that may require some comment. 
The incidence of anemia they observed was higher than that given in this 
report. In explanation it may be stated that (1) the percentage of anemic 
chicks reported by Hogan and Parrott was based on the number of chicks 
that survived, while in this paper it is based on the total number started; 
(2) in order to have chicks that are more suitable for assay purposes the 
standard for anemia was made more severe; (3) all of the observations of 
Hogan and Parrott were made in the winter and early spring, when pre- 
sumably the laying flock did not have access to green feed; the data 
reported in thixs paper were collected throughout the vear. 

Some of the known vitamins seem to influence the production of the 
anemia. For example there is some reason to believe the incidence is 
higher when pyridoxine is supplied at a low level. Presumably this vitamin 
does not exert a specific effect, but it is possible that it aids in the bacterial 
synthesis of the antianemia vitamin in the intestine. 

Evidence is presented to show that the factor is transmitted through the 
egg to the chick and that it is more abundant in green than in dry feeds. 
For this reason it is advantageous to restrict the hatching flock to dry feeds 
only, in order to obtain more suitable experimental chicks. 

The recent work of Black, Overman, Elvehjem, and Link (15), in which 
they fed sulfaguanidine to rats, shows that there is another factor required 
by the rat when bacterial synthesis in the intestine is inhibited. Our data 
show that the chick develops anemia more readily when sulfaguanidine is 
supplied in the diet. However, since sulfaguanidine may be slightly toxic, 
it is preferable to omit it if a suitable diet can be formulated that does not 


* This fraction was kindly supplied by Dr. Y. Subbarow. 
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contain the drug. Such a diet can be prepared by including wheat germ 
oil as a source of fat, by adding biotin to the vitamin combination, and by 
omitting the alcoholic extract of liver. 

The properties of the substance described by Black et al. (7) as being 
required by the rat are very similar to those exhibited by vitamin B,. 
The properties of the antianemia vitamin as indicated by its adsorption 
behavior and by salt formation with various bases indicate an acid. The 
precipitation with phosphotungstic acid indicates basic properties, although 
it is possible that the factor is merely adsorbed on the precipitate formed 
by the phosphotungstic acid. The factor is very labile to acid, but some- 
what more stable toward alkali. It is not easily destroyed by oxidation. 
One of its salient characteristics is insolubility in the common organic 
solvents. 

Mills, Briggs, Elvehjem, and Hart (3) have called attention to the 
similarity in the properties of the eluate fraction required by Lactobacillus 
casei €, the factor U of Stockstad and Manning (16), folic acid described by 
Mitchell, Snell, and Williams (17), and vitamin B,.. The properties of the 
factor required for lactic acid bacteria, which was described by Hutchings, 
Bohonos, and Peterson (18), are very similar to those of vitamin B, in 
all points investigated. Both factors are quite labile to acid, are precipi- 
tated by heavy metals, are adsorbed on fullers’ earth and norit, and are 
insoluble in the common organic solvents. 


SUMMARY 


1. A diet has been developed which will produce a severe anemia in at 
least 50 per cent of the chicks. 

2. A technique has been devised for the assay of the factor, essential in 
chick nutrition, which prevents the anemia. 

3. Sulfaguanidine increased the incidence of anemia under the experi- 
mental conditions imposed at that time. 

4. Vitamin B, is acidic in nature and forms salts with heavy metals. It 
is destroyed by mineral acids (pH 1) but is more stable to alkali. Its 
adsorbed from acidic solution by a variety of adsorbents and can be eluted 
by ammonia. It is insoluble in the common organic solvents. 
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STABILITY OF THIAMINE TO HEAT 
I. EFFECT OF pit AND BUFFER SALTS IN AQUEOUS SOLUTIONS* 
Ry B. W. BEADLE, D. A. GREENWOOD, anv H. R. KRAYBILL 


(From the Research Laboratory, American Meat Institute, University of Chicago, 
Chicago) 
(Reeeived for publication, May 3, 1043) 


It has been known for some time that thiamine is less stable to heat in 
alkaline solution than in acid solution ((1) p. 104, (2)). Solutions of 
thiamine at pH 3 and 6 are said to be unaffected on heating for 30 minutes 
at 100° (2). They are reported to be unaffected by sterilizing at pH 3.5 
for | hour at 100°, or 20 minutes at 120° (2). Sherman and Burton (3) 
found that tomato juice lost 20 per cent of its thiamine content during 
4 hours heating at 100° at the natural pH of 4.28, but when the pH was 
raised to 9.2, the destruction was 60 to 70 per cent in | hour. Keenan, 
Kline, Elvehjem, and Hart (4) showed that. vitamin B, in veast, liver, and 
in a natural grain ration was inactivated completely by autoclaving for 
5 hours. Eddy, Kohman, and Carlsson (5) stated that no cooking or 
capning process affects appreciably the content of vitamins A and B in 
green peas, while the Medical Research Council stated in a special report (6) 
that canned foods of all descriptions may contain very little or no vita- 
min By. 

It ix apparent from the above statements that there are factors involved 
in the destruction of thiamine by heat which are little understood, since 
losses Of thiamine may oecur in one food but not in another, during similar 
processing, and since different workers draw different conclusions from 
experimental data on the effects of processing of foods. As an aid to the 
more complete understanding of the problem it is of interest to make a 
systematic study of the behavior of pure thiamine at various pH values in 
different buffer solutions. Such a study should indicate whether or not 
the destruction of pure thiamine due to heat is a factor of pH only, or 
whether the buffer system itself is of importance in determining the amount 
of destruction. The purpose of this paper is to present the results of such 
a study as were obtained in a series of experiments with pure thiamine. 


EXPERIMENTAL 


The pH values of the solutions were determined by means of a Leeds 
and Northrup type 7661-Al instrument, with which it is easily possible to 


* Presented before the Division of Agricultural and Food Chemistry at the One- 
hundred-fifth meeting of the American Chemical Society at Detroit, April 13, 1943. 
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reproduce values to within 0.05 pH unit. All solutions were subjected to 
pH determination both before and after treatment. 

The thiamine assays were made by the thiochrome procedure for estima- 
tion of thiamine, as outlined by the Research Corporation Committee (7) 
and by spectrophotometric examination of the ultraviolet absorption 
spectra. The spectrophotometric studies were conducted by means of a 
model DU Beckman photoelectric spectrophotometer, having quartz optics, 
with a hydrogen discharge tube as the source of continuous radiation in 
the ultraviolet. 

The absorption spectrum of thiamine is known to be affected by the pH 
of the medium ((1) p. 103, (8-14)). It was found, however, that the ab- 
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sorption curve is so radically affected by small changes in pH that duplica- 
tion of data was not possible unless the pH values were controlled very 
closely, to about 0.05 pH unit. Fig. 1 shows typical absorption data 
obtained for aqueous solutions of pure thiamine chloride hydrochloride 
as supplied by Merck and Company, Inc. (in the remainder of this paper 
the term “thiamine” refers to thiamine chloride hydrochloride). The 
specific absorption coefficients were calculated from the Lambert-Beer 
equation (15), log Io/J = acl, where J» = the intensity of radiation trans- 
mitted by the solvent, J] = the intensity of radiation transmitted by the 
solution, a = the specific absorption coefficient, c = the concentration in 
gm. per liter, and 1 = the length of solution in cm. 

At the wave-length 2600 A. (an analytical point selected by the authors 
for analysis of binary systems in another study), the relation between the 


spe 
stur 
Thi 
reat 
be s 
rap! 
pH 
T 
pre] 
100 
wer 


| 

solu 
This 

con 
othe 
flask 
| were 
tion 
both 
of 0. 
ext 
of th 
TI 


BEADLE, GREENWOOD, AND KRAYBLLL 341 


specific absorption coefficient and the pH of the aqueous solution was 
studied. Fig. 2 shows this relationship graphically, between pH 1 and 11. 
Through the use of this curve, the specific absorption coefficient may be 
readily learned for the pH values of the solutions being examined. It may 
be seen in Fig. 2 that the absorption coefficient at this wave-length decreases 
rapidly as the pH rises from 3 to 5.5, remains fairly constant between 
pH 5.5 and 7.5, then increases rapidly as the pH rises from 7.5 to 10. 

The solutions of thiamine used throughout the series of studies were 
prepared by the addition of 10 ml. portions of a stock solution, containing 
100 y of pure thiamine per ml., to 100 ml. volumetric flasks. The flasks 
were then filled almost to the mark with water (or the aqueous buffer 
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solution), final adjustment of pH made, and the flasks filled to the mark. 
This procedure yielded solutions containing 10 y of thiamine per ml., a 
concentration well within the range of that reported in many meats and 
other foodstuffs. Aliquots of these solutions were then placed in smaller 
flasks and immersed in boiling water for the desired time, after which they 
were cooled rapidly to room temperature. Spectrophotometric examina- 
tions and chemical analyses were then made on aliquots of the solutions 
both before and after the heating period. 

The unbuffered solutions were brought to the desired pH by the addition 
of 0.01 nN sodium hydroxide or 0.01 nN hydrochloric acid, as required. At 
extreme pH values more concentrated reagents were required. The pH 
of thiamine in distilled water at a concentration of 10 y per ml. is about 4.25. 
The buffer solutions were prepared according to the so called standard 
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Fic. 3. Effect of heat on thiamine in solution. Curve | represents borate buffer; 
Curve 2. unbuffered solution after heating for 60 minutes; Curve 3, unbuffered solu- 
tion after heating for 30 minutes; Curve 4, acetate buffer; Curve 5, phosphate buffer. 
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methods (16, 17). The acetate solutions were those of Walpole (17), the 
borate solutions were those of Palitzsch (17), and the phosphate solutions 
those of Sérensen (16). At pH values outside the ranges covered by the 
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buffer systems, sodium hydroxide or hydrochloric acid was added to obtain 
the desired pH in the presence of the buffer salts. 

Fig. 3 is a graphic portrayal of the results obtained in unbuffered solution 
after heating in boiling water for periods of 30 minutes and 60 minutes, 
respectively, and in the buffer solutions after a heating period of 60 minutes. 

Figs. 4, 5, and 6 present typical spectrophotometric data obtained on 
the solutions before and after the heating periods. While the curves in 
these figures were obtained on phosphate solutions, the same results were 
obtained in the unbuffered series and in the borate series. Lack of space 
does not justify presenting all of them. It was not practical to attempt 
spectrophotometric interpretation of the acetate solutions owing to strong 
absorption by the acetate ion at wave-lengths shorter than 2500 A. All 
the absorption spectra except those of Fig. | are plotted with the logarithm 
of log /»// as the ordinate, and wave-length in A. as the abscissa, for the 
purpose of case in comparison. Changes in concentration result merely in 
moving the curve to a different height on the ordinate, without altering 
its shape (18). Absorption measurements were reproducible within about 


per cent. 
DISCUSSION 


The data presented in this report represent nearly 200 thiamine analyses. 
While an occasional analysis failed to fall exactly on the curves shown in 
Fig. 3, such instances were rare and are believed by the authors to be due to 
inherent errors in the thiochrome method or the technique of the operator. 
It was estimated as the result of analyses on known solutions that indi- 
vidual results may vary about 5 per cent from the known, or a total of 
about 10 per cent between the extremes. As is evidenced by Fig. 3, all 
of the curves are so steep that the pH effect in each instance is far greater 
than this, even within rather narrow limits. The destruction of thiamine 
nses from 0 to 100 per cent within 2 or 3 pH units. 

The effect of variations in the electrolyte system at a given pH on the 
stability of thiamine to heat is striking. For example, at pH 5.4, as shown 
in Fig. 3, there was 100 per cent destruction of the vitamin during | hour’s 
heating in the presence of borates, 60 per cent destruction in unbuffered 
aqueous solution, 10 per cent in the presence of acetates, and about 3 per 
cent in the phosphate solution. At pH 7, there was 100 per cent destruc- 
tion in the unbuffered solution and in the borate and acetate solutions, 
while only 40 per cent of the thiamine was destroved under similar condi- 
tions in the phosphate solution. The effect of time on destruction of 
thiamine in unbuffered solution is illustrated by the figures at pH 6.0. 
All the vitamin was destroved during | hour’s heating, while about 50 
per cent was destroyed in the 30 minute period. When these samples 
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were allowed to stand for as long as 10 days in the refrigerator (5°) without 
going through the heating period, no losses were observed either in the 
unbuffered or the buffered solutions. 

It can hardly be concluded from the above that the destruction is 
simply a salt effect, for in this instance the amount of destruction should 
have been the least in the unbuffered solutions, where the least amount of 
salt was present. 

A quantitative comparison of the spectrophotometric data on thiamine 
presented in Fig. 1 with the values in the literature cannot be made in most 
instances, owing to difficulty in interpolating the values published graphi- 
cally and also to lack of sufficient data regarding the pH and solvent. 

Melnick (14) has published molecular extinction coefficients for thiamine 
at pH 7.4 in phosphate buffer solution, using a Bausch and Lomb medium 
spectrograph. His values were 10,250 and 6000 at the maxima 2350 and 
2650 A., respectively. The values obtained in this laboratory for the thia- 
mine used in these studies with the photoelectric spectrophotometer were 
10,843 and 8383 at the above wave-lengths, at pH 7.4, in Serensen’s phos- 
phate solution. Values obtained on a sample of v.s.p. reference standard 
thiamine were 10,885 and 8290 under the same conditions. 

There is considerable evidence that chemical methods of assay for 
thiamine are not completely reliable ((1) p. 128-130); therefore, one may 
well suspect that the ions present in the various buffer series encountered in 
these experiments may have interfered with the thiochrome procedure, 
thereby vitiating the conclusions regarding the losses in the various systems. 
The spectrophotometric examinations typified in Figs. 4, 5, and 6 were 
made as a means of establishing whether or not destruction of thiamine 
actually occurred when indicated by the thiochrome assay. No instances 
were found in which the spectrophotometric data were contrary to those 
obtained by the thiochrome method. When no destruction of thiamine 
was indicated by the thiochrome method, the absorption curves from solu- 
tions before and after heating were perfectly superposable, matching at all 
points, as shown in Fig. 4. When losses were found by the thiochrome 
method, the absorption curves indicated the destruction by shifts in the 
curve both as to height and points of maxima, as shown in Figs. 5 and 6. 
The greatest changes in the absorption spectra were found in those solutions 
in which destruction was greatest, as determined by the thiochrome proce- 
dure. This indicates that under the conditions encountered the thiochrome 
method was reliable as an index of the thiamine present. No bioassays 
were made. 

It is interesting to note that in all instances in which complete destruction 
of thiamine occurred the resulting solutions vielded characteristic absorp- 
tion spectra, as shown in Fig. 6. The fact that these spectra closely resemble 
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the spectra of compounds of the pyrimidine type similar to the pyrimidine 
nucleus of thiamine leads one to the conclusion that the destruction in all 
the instances investigated did not break down the pyrimidine component of 
the molecule. It has been stated that sulfites cause cleavage of the thia- 
mine molecule (19, 20), also that barium nitrite and possibly sodium acetate 
cause this same cleavage (21,22). The authors found the absorption char- 
acteristics mentioned above in all the buffers examined, as well as in the 
unbuffered solution to which no salts had been added but in which complete 
destruction of the thiamine was indicated. While it must be remembered 
that the absorption curve shown in Fig. 6 is probably complicated by the 
thiazole residues, its similarity to the pyrimidine curves of Uber and Ver- 
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brugge (13) is interesting. ‘Through the courtesy of Dr. Randolph T. 
Major of Merck and Company, Inc., the authors obtained samples of the 
substituted pyrimidine and thiazole compounds from which thiamine is 
synthesized. The absorption spectrum of the pyrimidine component in 
phosphate buffer at pH 8.3 is shown in Fig. 7, together with the spectrum of 
the thiazole. The similarity of the pyrimidine curve to the lower curve in 
Fig. 6 is apparent. The sulfite cleavage products have been shown to 
possess no vitamin B, activity (19, 20). But more recent studies (23, 24) 
indicate that synthesis of thiamine from the cleavage products may occur 
in the digestive tract. 

The data presented here, while not complete in the sense of covering all 
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natural buffers, indicate the need for caution in making generalizations ip 
regard to the stability of thiamine under various conditions of processing, 
The varying results reported by workers on different foods may quite pos- 
sibly be due not only to variations in pH within the tissues, but also to 
variations in the electrolyte systems and possibly to other factors such as the 
protein systems involved. It has been noted that thiamine is more stable 
in biological tissues than in pure solution (25). Williams (21) has suggested 
that possibly cocarboxylase (the pyrophosphoric acid ester of thiamine) 
may exhibit a stability to heat different from that of pure thiamine. Green- 
wood, Beadle, and Kraybill (26) have found that certain proteins exert a 
strong protecting action on thiamine, and that cocarboxylase ix only 
slightly more stable to heat than is thiamine. 


SUMMARY 


Results of chemical and spectrophotometric examination of nearly 200 
solutions of pure thiamine indicate that the stability of thiamine to heat is 
a function not only of pH but also of the electrolyte system involved. At 
pH 5.4, during 1 hour’s heating in boiling water there was 100 per cent 
destruction of the thiamine in the presence of borates, 57 per cent destruc- 
tion in unbuffered aqueous solution, 10 per cent destruction in the presence 
of acetates, and 3 per cent in phosphate solution. In each type of solution, 
destruction rose from 0 to 100 per cent within the range of 2 to 3 pH units 
during | hour’s heating period. 
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STABILITY OF THIAMINE TO HEAT 


Il. EFFECT OF MEAT-CURING INGREDIENTS IN AQUEOUS SOLUTIONS 
AND IN MEAT* 


By D. A. GREENWOOD, B. W. BEADLE, ano H. R. KRAYBILL 


(From the Research Laboratory, American Meat Institute, University of Chicago, 
Chicago) 


(Received for publication, May 3, 1943) 


Meats, especially lean pork, constitute one of the important natural 
sources of thiamine for man. Cured meats, in addition to fresh meats, are 
consumed in large quantities by men in the armed forces and by civilians. 
The vitamin content of foods in relation to processing and other variants 
has been summarized recently by Booher, Hartzler, and Hewston (1), in- 
vestigators at the University of Texas Biochemical Institute (2), Waisman 
and Elvehjem (3), and Fixsen (4). 

Melnick, Robinson, and Field (5) have studied the effect of digestive 
juices on the stability of thiamine. They emphasized the point that thia- 
mine is more stable in its natural environment than in pure aqueous solu- 
tions. 

The purpose of this paper is to report the effect on thiamine of heating 
aqueous thiamine solutions and meat in the presence of the substances com- 
monly used in the curing of meats (sodium chloride, sodium nitrate, sodium 
nitrite, sucrose, and dextrose). 


EXPERIMENTAL 
Effect of Heat on Loss of Thiamine in Aqueous Solution 


Aqueous solutions of v.s.p. thiamine chloride hydrochloride, sodium 
chloride, sodium nitrate, sodium nitrite, sucrose, and dextrose were pre- 
pared in the concentrations found in cured meats. The concentration of 
sodium chloride in most cured meats varies from 3 to 5 per cent. The 
present trend is toward a mildly cured product with a salt content of about 
3 per cent. In some cases, excessive amounts of curing substances were 
added to the thiamine solutions. The United States Bureau of Animal 
Industry limits the concentration of sodium nitrite to 0.02 per cent in 
cured meats sold in interstate commerce. Most of the cured meats offered 
to the public contain much less than 0.02 per cent sodium nitrite. Some of 
the solutions were heated in unbuffered solutions, while others were buffered 
at different hydrogen ion concentrations by S¢rensen’s phosphate mixtures 

* Presented before the Division of Agricultural and Food Chemistry at the One- 
hundred-fifth meeting of the American Chemical Society at Detroit, April 13, 1943. 
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350 STABILITY OF THIAMINE TO HEAT. i 
as described by Gortner (6). The pH measurements were obtained with a 
Leeds and Northrup electrometer, No. 7661-A1, and glass electrode. 

The samples were heated in 50 or 100 ml. flasks by immersing in a boiling 
water bath (98°) for various time intervals, after which they were immedi- 
ately placed in cold water (4-10°). 

Thiamine determinations were made by the thiochrome method de- 
scribed by the Research Corporation Committee (7). In most cases the 


Tassie ! 
Effect of Heating Aqueous Solutions of Thiamine 10 y per ML.) in Boiling Water Bath 
(98°) for 1 Hour in Presence of Meat-Curing Ingredients 
All analyses were made in duplicate. Samples 6 to 18 were buffered at pH 5.60 
or 6.10 by the addition of appropriate volumes of Sérensen’s phosphate mixtures and 
sodium hydroxide. 


| | | | Sucre | Denton, ton tang 
per cont fer fer com per «ral per per per 
] 1.10 0.0 
2 1.0 1 70 m0 
3 3.0 46 31.0 
4 4.0 416 31.0 
5 5.0 io 31.0 
6 0.0 0.0 
ba 0.1 2.0 
6b 1.0 93.0 
7 3.0 5.00 100.0 
5.0 5. s1.0 
10 0.05 5 3.0 0.0 
12 0.10 19.0 
13 0.5 0.0 0.0 
14 5.0 0.0 0.0 
15 3.0 0.05 0.02 0.5 
16 3.0 0.05 0. 02 0.5 5.0 
17 3.0 0.05 0.10 0.5 10 
5m” 1000 


Is 3.0 0.05 0.10 0.5 


—_— 


chemical results were duplicated with an error of less than +1 per cent. 
The maximum variation in duplicate determinations was +5 per cent. 
The analytical error commonly accepted for the thiochrome method is from 
+5 to +10 per cent. Losses of thiamine greater than 10 per cent may be 
considered greater than the analytical error involved in the thiochrome 
method. 

Absorption spectra studies, similar to those reported in Paper I (8), were 
made on some of the aqueous thiamine solutions before and after heating. 
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A Beckman quartz spectrophotometer model DU was used in obtaining the 
spectrophotometric data. When losses were indicated by the thiochrome 
method, the spectrophotometric data also indicated similar losses except in 
cases in which substances were present which interfered with the spectro- 
photometric measurements. 

Table I contains data which show the effect of heating aqueous solutions 
of thiamine for | hour in the presence of various concentrations of sodium 
chloride, sodium nitrate, sodium nitrite, sucrose, and dextrose. Attention 
is directed to the significant destruction (19 to 100 per cent) of thiaminé 
which occurred when aqueous solutions of the vitamin were heated in the 
presence of sodium chloride in unbuffered and phosphate-buffered solutions. 


of OF 


rer cen 


Fic. 1. The effect of the length of heating time in boiling water (98°) on the de- 
struction of thiamine in aqueous solutions. Curve | represents 10 y per ml. of thia- 
mine plus the following substances in per cent: sodium chloride 3, sodium nitrate 
0.05, sodium nitrite 0.02, sucrose 0.5, and Sérensen's phosphate mixtures and sodium 
hydroxide to give pH 6.10 + 0.05; Curve 2, same as Curve | except that the pH was 
adjusted to 5.60 instead of 6.10; Curve 3, same as Curve | except that 2 per cent egg 
albumin was added; Curve 4, same as Curve 2 except that 2 per cent egg albumin 


was added. 


The destruction of thiamine in the presence of curing substances is a tunc- 
tion of the concentration of the curing agents (except sodium nitrate, su- 
crose, and dextrose) and the pH of the medium. Studies were made at pH 
values of 5.60 and 6.1, because these levels represent the hydrogen ion 
concentrations frequently encountered in fresh and cured meats. 

A significant loss (12 to 69 per cent) of thiamine occurred when the vita- 
min was heated in aqueous solution in the presence of 0.02 to 0.10 per cent 
sodium nitrite. Williams (9) stated that barium nitrite would cause a 
cleavage of thiamine but he did not give the exact experimental conditions 
under which cleavage occurred. 
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Destruction of thiamine during heating in aqueous phosphate buffer 
solutions was about the same in the presence of combinations of the curing 
substances as in 3 per cent sodium chloride. 

Another part of the study dealt with the influence of the length of heating 
period in boiling water (98°) upon the destruction of thiamine in the pres- 
ence of the curing ingredients, egg albumin, and Serensen’s phosphate mix- 
tures, as shown in Fig. 1. The results indicate that destruction of thiamine 
increased with the length of the heating period. The greatest loss of 
thiamine occurred when the vitamin was heated in the presence of the curing 
ingredients and Sgrensen’s phosphate mixtures at pH 6.1. Most of the 
thiamine was destroyed during the first 30 minutes of heating under these 
conditions. On the other hand, the thiamine was most stable when it was 
heated in the presence of 2 per cent egg albumin, curing ingredients, and 
Serensen’s phosphate mixtures at pH 5.6. Comparable results (not shown 
in Fig. 1) were obtained when thiamine solutions were heated under similar 
conditions except that gelatin was substituted for egg albumin. 


Effect of Heat on Loss of Thiamine in Lean Pork 


A portion of the study was concerned with the effect of heating thiamine 
as it occurs in meat in the presence of meat-curing substances. The lean 
portion of about a kilo of fresh pork chops was ground three times in a meat 
grinder and mixed thoroughly. To samples of this ground lean pork were 
added various amounts and combinations of the meat-curing substances. 

Test-tubes (150 K 14 mm.) containing samples of ground meat, mixed 
thoroughly with the curing ingredients, were immediately heated in a boil- 
ing water bath (98°) for 1 hour and then cooled promptly in a cold running 
water bath (4-10°). Other samples containing curing substances were 
stored for 10 days in a refrigerator at 0-2°. They were then heated for 1 
hour in a boiling water bath (98°) and then cooled. 

Table II contains data relating to the effect on thiamine content of heat- 
ing pork muscle for | hour at 98° in the presence of different combinations 
and amounts of curing substances. The results indicate that destruction of 
thiamine in pork muscle under the conditions of these experiments was 
about the same in the presence and absence of meat-curing substances. 
While there were slight differences in the thiamine losses in different sam- 
ples, the variations were within the limits of experimental error involved in 
the thiochrome method for determination of thiamine. 

The losses of thiamine, when heated in the presence of pork muscle, were 
in marked contrast to the losses which occurred in pure thiamine solutions 
in which 19 to 100 per cent of the vitamin was destroyed when such solu- 
tions were heated for 1 hour in a boiling water bath (98°). 

The effect of heating on the thiamine content of pork muscle which had 
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been stored for 10 days in the presence of curing substances is also given in 
Table II. The data indicate that destruction of thiamine upon heating the 
meat is about the same whether or not the curing ingredients are present. 

The destruction of thiamine in the meat during heating for 1 hour at 98° 
varies from 18 to 21.1 per cent. 

Our observations regarding the stability of thiamine confirm the findings 
of Melnick, Robinson, and Field (5); namely, that the vitamin is more stable 
in its natural environment than in aqueous solutions. 


Taste Il 

Effect of Heating Lean Pork Muscle in Boiling Water Bath (98°) for 1 Hour in Presence 
of Substances Used in Curing of Meats 

All analyses were made in duplicate. pH of samples, 6.00 + 0.02. 


_ Heated after storing 


Heated immediately after addition of curing ingredients Renda me pee 
ingredients 

Semple No. | ‘Sodium | Sodium | | Thiamine Heating loss Thiamine 

percent percent percent ypergm. percent | y pergm. | per cent 
1, 13° «19.4 

2,14 16.2 16.5 | 15.9 18.0 
3, 15 1.0 | 16.2 | 16.5 | 15.9 | 18.0 
4,16 | 2.0 16.2 | 165 | 15.9 | 18.0 
5,17 3.0 | 14.2 | 16.5 | 15.9 18.0 
6, Is 4.0 | BS | Be | BS 18.0 
7,19 5.0 16.2 | 165 | 15.9 | 18.0 
8, 20 O.06 16.7 13.9 15.3 | 21.1 
9, 21 0.10 15.9 8.0 15.6 | 19.6 
0, 22 0.02 16.0 17.5 156.3 | 21.1 
1, 23 3.0 0.05 0.10 15.9 18.0 6.3 | 21.1 
12, 24 3.0 0.05 0.02 16.1 7.0 #8 15.6 | 19.6 


* Samples 1 and 13 were not heated. 


In Paper I (8), data are presented which indicate that aqueous solutions 
of thiamine are more stable in phosphate than in acetate or borate buffers at 
the same pH values. Experiments were therefore conducted on cocarboxy- 
lase (Merck's). Aqueous solutions of cocarboxylase (10 y per ml.) were 
heated for | hour in a boiling water bath (98°) in the presence of 1 to 3 per 
cent sodium chloride, 0.05 per cent sodium nitrate, and 0.02 per cent sodium 
nitrite. Some of the solutions were adjusted to pH values of 5.6 and 6.1 
with Sorensen’s phosphate buffer mixtures and sodium hydroxide. The 
losses of cocarboxylase under these conditions varied from 19 to 72 per cent. 
When aqueous solutions of thiamine were heated under comparable condi- 
tions, the losses varied from 19 to 100 percent. These experiments indicate 
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that cocarboxylase is slightly more stable than thiamine under the same 
experimental conditions. On the other hand, the destruction of cocarboxy- 
lase which occurs upon heating resembles the behavior of aqueous solutions 
of thiamine more closely than the thiamine of pork muscle. 

Our experiments dealing with the stability of thiamine indicate that the 
presence of several substances both inorganic and organic alter the stability 
of the vitamin during heating. Great caution should be exercised in pro- 
jecting data from one set of experimental conditions to different conditions. 


SUMMARY 


The effects of heating aqueous solutions of thiamine and cocarboxylase 
and meat in the presence of the substances commonly used in curing meats 
(sodium chloride, sodium nitrate, sodium nitrite, sucrose, and dextrose) 
on the loss of thiamine are reported. The losses varied from 0.0 to 100 per 
cent. The destruction of the thiamine upon heating is a function of the 
temperature, time of heating, the pH of the medium, and the nature of the 
other substances present. Thiamine is less stable to Leat in aqueous solu- 
tions than in lean pork muscle. 

There was no significant difference in the loss of thiamine when lean pork 
was heated (1 hour at 98°) in the presence or absence of meat-curing ingre- 
dients, or in the loss of thiamine in fresh lean pork and cured (10 days) lean 
pork when heated for 1 hour at 98°. The loss in thiamine during heating of 
lean pork in the absence of curing ingredients ranged from 16.5 to 18.0 per 
cent and in the presence of curing ingredients from 16.5 to 21.1 per cent, 
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THE RELATION OF TRANSMETHYLATION TO ANSERINE 


By JAY R. SCHENCK,* SOFIA SIMMONDs, MILDRED COHN, CARL M. 
STEVENS, ann VINCENT pv VIGNEAUD 


(From the Department of Biochemistry, Cornell University Medical College, 
New York City) 


\Reeeived for publication, May 27, 143) 


In a previous communication (1), it was reported that the methyl group 
of dietary methionine was utilized by the rat for the synthesis of choline, 
creatine, and creatinine. It was desirable, as we had previously pointed 
out (1, 2), to investigate the possibility that methionine could also serve 
as the source of the methyl group of other methylated compounds im the 
animal body. When the transmethylation studies were extended to the 
rabbit, it became feasible to isolate in sufficient quantities one of the 
N-methy! extractives; namely, anserine. It thus became possible to deter- 
mine by the isotope technique whether a transfer of methyl groups from 
methionine to anserine could occur. 

Before an attempt was made to relate anserine to the transmethylation 
reactions, it was first necessary to demonstrate that the methyl transfer 
which occurs in the rat also proceeds in the rabbit. Therefore, deuterio- 
methionine corresponding to 0.5 per cent of the diet was fed to a rabbit 
with fibrin as the source of protein in the diet and the creatinine was 
isolated from the 7th and 8th day samples of urine. The creatinine was 
found to contain deuterium in an amount which indicated that 4 per cent 
of the methyl groups had been derived from the deuteriomethy! groups of 
the diet. Since this value was rather low, it was deemed advisable to 
increase the dietary deuteriomethionine to | per cent of the diet. Subse- 
quently creatinine was isolated from the urine of the 17th and 18th days 
and again from the urine of the 25th and 26th days, indicating that 12 per 
cent and 20 per cent respectively of the methyl groups of creatinine had 
been derived from the ingested deuteriomethionine. The animal was 
sacrificed after 28 days and the anserine, creatine, and choline were isolated 
from the tissues. 

The presence of deuterium in the choline and creatine demonstrated that 
the rabbit as well as the rat utilized the methyl group of methionine for 
the synthesis of choline and creatine. The deuterium content of the methy! 
groups of the isolated choline was lower than that of the creatine. This 
result was undoubtedly due, in part, to the presence of ordinary choline in 


* Abbott Laboratories Research Fellow. 
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the diet. The “bound” choline and “free’’ choline fractions differed con- 
siderably in deuterium content.' 

The anserine which was isolated from the muscle tissues was found to 
contain deuterium in an amount which indicated that 2 per cent of the 
total anserine had been derived from the ingested deuteriomethionine dur- 
ing the experimental period. Although the conversion from methionine 
to anserine is apparently much slower than from methionine to creatinine, 
the amount of deuterium found in the isolated anserine is unquestionably 
far beyond the experimental error. 


EXPERIMENTAL 


Feeding Experiment—A rabbit weighing 1.9 kilos was fed ad libitum a 
basal diet consisting of the following components: fibrin 10 per cent, sucrose 
36 per cent, starch 21 per cent, corn oil (Mazola) 14 per cent, agar 10 per 
cent, yeast 5 per cent,* salt mixture (3) 3.5 per cent, choline chloride 0.1 
per cent. The fat-soluble vitamins at the same level as used in the rat 
diets (4) and also 200 mg. of ascorbic acid per kilo were added to the diet 
in the latter half of the experimental period. For the first 12 days the diet 
was supplemented with 0.5 per cent deuteriomethionine containing 21.6 


atom per cent deuterium; 7.¢., 79 atom per cent in the methyl! group. - 


Since only 4.3 per cent of the methyl! groups of urinary creatinine had been 
derived from deuteriomethionine after 8 days, as shown in Table I, the 
deuteriomethionine in the diet was increased to 1 per cent of the total diet 
on the 12th day. The urine was collected over 48 hour periods at intervals 
during the experiment. The deuterium concentrations of the creatinine 
of the urine for the 17th and 18th days and for the 25th and 26th days are 
shown in TableI. The animal was sacrificed after 28 days and the anserine, 
the choline, and the creatine were isolated. The deuterium concentrations 
of the isolated compounds are given in Table II. 

Isolation of Anserine—The muscle tissue (595 gm.) was extracted with 
sodium sulfate in the manner described by Deutsch, Eggleton, and Eggle- 
ton (5). This method is applicable for the isolation of anserine in this 
case, since the amount of anserine far exceeds that of carnosine in rabbit 
muscle tissue. The copper salt obtained by this method was extracted 
with absolute methyl! alcohol from inorganic salts. 


1 In some unpublished experiments with rats, it has been found that the bound” 
and ‘‘free’’ choline fractions differed in the same manner as in the present experi- 
ments. Also, when ordinary choline is fed to rats whose dicts contain deuterio- 
methionine, the deuterium content of creatine isolated from the tissues is higher 
than the deuterium content of the tissue choline, analogous to the observations 
with the rabbit. 

* Anheuser-Busch Strain G dried brewers’ yeast, Biological Laboratory No. 18D), 
Blend D. 
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After evaporation of the methyl alcohol, the copper salt was dissolved 
in dilute sulfuric acid and the copper was subsequently removed by pre- 
cipitation with hydrogen sulfide. The precipitate was filtered and the 
filtrate was concentrated to a small volume (17 ec.). 35 ec. of Hopkins’ 
reagent ((}) were added portionwise to the solution; at the same time, suffi- 
cient absolute ethy! aleohol (124 ec.) was added to maintain a concentration 


Taste I 
Creatinine from Urine of Rabbit Fed Deuteriomethionine* 
Creatinine isolated | 
Interval of urine B/At 100 


collection Deuterium in creatinine ‘Deuteriem i in methy! 
K picrate group (B) 
days per cons alom per cent 
i- 8 0.86 + 0.06 3.4 4.3 
17-18 2.36 + 0.06 9.4 11.9 
25-26 3.88 + 0.10 15.5 19.6 


* On the 12th day, the deuteriomethionine content of the diet was increased from 
0.5 to 1.0 per cent, as noted in the text. 

t A is the deuterium content of the methyl group of the ingested methionine, 79.2 
atom per cent deuterium. Since the deuteriomethionine of the diet is diluted by 
methionine in the fibrin of the diet, the values B/A xX 100 represent the minimum 
percentage of methyl groups of creatinine derived from dietary methionine. 


Taste Il 
Anserine, Choline, and Creatine leolated from Rabbit Fed Deuteriomethionine for 
28 Days 
Deuterium in 
, Deuterium in isolated . 
( ommpound isolated | B/A* X 100 
aiom per cemé alom per cent 
Anserine as copper anserine 0.28 + 0.02 1.5 1.9 
“Bound'’ choline as chloroplatinate . 2.51 + 0.06 3.9 | 4.9 
Creatine as creatinine K picrate 16.9 21.4 


* A is the deuterium content of the methyl group a the ingested methionine, 
79.2 atom per cent deuterium. 


of 70 per cent alcohol. An excess of Hopkins’ reagent was indicated by 
the formation of a yellow precipitate instead of a white one. The precipi- 
tate, which at first was oily, hardened after standing overnight in the 
refrigerator. ‘The mercury salt was washed with 75 per cent alcohol, then 
suspended in water, and decomposed with hydrogen sulfide. The mercury- 
free filtrate was neutralized with barium hydroxide. After removal of the 
barium sulfate the copper anserine was formed by the addition of an excess 
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of copper carbonate (about 2 gm. of CuCO,-5H,O). The resulting solu- 
tion was evaporated to dryness, the copper anserine was freed from inor- 
ganic material by extraction with absolute methyl! alcohol, and the aleo. 
holic solution was concentrated to 10 cc. Crystallization was effected by 
addition of 15 to 20 cc. of water, followed by removal of excess methanol 
by evaporation in vacuo. For complete precipitation of the crystals it was 
necessary to allow the solution to stand overnight in the refrigerator. The 
copper anserine was recrystallized twice by solution in methy! alcohol and 
addition of water as described above; 1.1 gm. of copper anserine, 
CyoHyNOsCuO, were obtained. The deuterium content of the copper 
anserine, as shown in Table I], was 0.28 + 0.02 atom per cent, which cor- 
responds to 1.5 atom per cent deuterium in the methyl! group. 


Caleulated, N 17.5, Cu 19.8; found, N 18.0,Cu 19.5 


Isolation of Choline—-The liver, kidneys, and depot fat were frozen in 
solid CO, and ground in a fine meat chopper. The ground material was 
combined with the residue from the muscle tissue previously extracted for 
anserine. Choline was isolated from these sources as previously described 
(1). However, two separate fractions were isolated; namely the choline 
in the ether-soluble fraction, t.c. “bound” choline, and the choline in the 
water-soluble fraction, i.c. “‘free’’ choline. The so called “free’’ choline 
was actually a mixture of the various water-soluble choline derivatives 
plus some phospholipid choline liberated during the boiling alcohol extrae- 
tion of the combined liver, kidneys, fat, and muscle tissue residue. 650 mg. 
of choline chloroplatinate were obtained from the ““bound”’ choline fraction. 


Calculated, Pt 31.6; found, Pt 31.6 


230 mg. of choline chloroplatinate were obtained from the “‘free’’ choline 
fraction. 
CyoHesN2O.PtC le. Caleulated, Pt 31.6; found, Pt 315 


The deuterium content of the “bound”’ and “‘free’’ choline differed con- 
siderably, as shown in Table LI. 

Isolation of Creatine from Tissues and Creatinine from Urine—The 
creatine was isolated in the manner previously described (1) from the 
filtrate obtained in the reineckate precipitation of the “free” choline frac- 
tion. 534 mg. of creatinine potassium picrate were isolated. Three sam- 
ples of creatinine were isolated by the method already given (1) from urine 
samples which had been collected over 48 hour periods on the 7th and 8th, 
the 17th and 18th, and the 25th and 26th days respectively. As can be 
seen from a comparison of Tables I and II, the deuterium content of 
the creatine isolated from the tissue at the end of the 28 day experimental 
period agreed very well with the deuterium content of the urinary creati- 
nine of the 25th and 26th days. 
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SUMMARY 


The process of transmethylation occurs in the rabbit, as demonstrated 
by the appearance of deuterium in the choline and creatine of the tissues 
and the creatinine of the urine after the feeding of deuteriomethionine. 
The presence of deuterium in the anserine isolated from muscle tissue after 
the rabbit had been fed deuteriomethionine is consistent with the hypothe- 
sis that the various N-methyl compounds synthesized by the animal derive 
their methy! groups from “labile’’ methyl! compounds of the diet. 


The authors wish to thank Dr. J. R. Rachele of this laboratory for 
carrying out the microanalyses. 
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BOUND PYRIDOXINE (VITAMIN B,) IN BIOLOGICAL 
MATERIALS 


By LOUIS SIEGEL, DANIEL MELNICK, ann BERNARD L. OSER 
_ (From the Food Research Laboratories, Inc., New York) 


(Received for publication, May 21, 1943) 


The method of Williams, Eakin, and McMahan (1) for the microbiolog- 
teal assay of pyridoxine is based upon the turbidimetric measurement of the 
growth response of the yeast Saccharomyces cerevisiae, Gebriider Mayer 
strain. 

Initial attempts to use the method in our laboratory were unsuccessful. 
The tests were complicated by excessive growth of the microorganism in 
all tubes, completely masking any gradation. This was found to be due 
to the pyridoxine remaining in the yeast and liver supplements despite 
treatment of these solutions with fullers’ earth. The use of Lloyd’s reagent 
yielded solutions free from pyridoxine. However, with the removal of the 
pyridoxine other growth factors essential for the microorganism were also 
adsorbed, necessitating their replacement to make the medium satisfactory. 


Present Modifications of Microbiological Procedure 


To the acidified (pH 1.0) liver and yeast extract solutions, described by 
the original authors (1), are added 2 gm. of Lloyd’s reagent' and the suspen- 
sion is shaken occasionally during the next 24 hours. After filtration the 
solution is treated again with the same quantity of the adsorbent. The 
mixture is then centrifuged, and the clear supernatant removed, adjusted 
to pH 4.5 to 5.0, bottled, and sterilized in the autoclave for 15 minutes at 
15 pounds pressure. 

To compensate for other growth factors adsorbed on the Lloyd’s reagent 
along with the pyridoxine, it was necessary to increase the biotin*® content 
of the medium to 0.1 y and the casein hydrolysate’ to 2.5 cc. per 100 cc. 
of medium. (The addition of other members of the vitamin B complex, 
riboflavin, choline, and nicotinic acid, failed to influence the growth of the 
microorganism. ) 

Tryptophane was found to be an essential growth factor and, therefore, 
is added in freshly prepared solutions, 0.2 mg. per 100 cc. of the basal 
medium. 

* Obtained from Eli Lilly and Company, Indianapolis. 

* For these tests, evaluating the importance of biotin in the medium, samples of 
crystalline biotin, kindly furnished by Dr. du Vigneaud of Cornell University Med- 
ical College, were used. 

* Obtained from the 8. M. A. Corporation, Chagrin Falls, Ohio. 
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The minerals and asparagine are added from a sterile stock solution 
containing 10 times the concentration required in the basal medium (1). 
The casein hydrolysate and vitamin solutions are stored separately, the 
latter in the refrigerator. The sucrose is dissolved as required. 

The standard pyridoxine solution, 0.04 y per ce., is prepared fresh daily 
from a stock solution. The latter is an acidulated aqueous solution (pH 
3), containing 100 y of pyridoxine per ce. ‘ is stored in an amber bottle 
in the refrigerator. Since pyridoxine in other than acid solution is readily 
destroyed by visible light (2), all manipulations with this vitamin during 
the assay are conducted with minimal exposure to light. 

CALVANOMY Ji 
READING | 


0002  Q003  Q004 
Py RIDOKINE 
Fic. 1. Growth response of the yeast Saccharomyces cerevisiae, GebrOder Mayer 
strain, to graded amounts of pyridoxine. 


Acid hydrolysis of the aqueous suspension or solution of the test material 
is conducted in order to liberate bound pyridoxine. The importance of 
this modification is discussed in a later section of this report. 

The culture is carried on Difco malt-agar slants at 30-31° and tran 
planted daily. At the end of | month the culture ix discarded and a new 
series of daily transplants started from a stock culture which had been 
kept in the refrigerator for a period of | month. A new stock culture & 
also prepared at this time. A platinum loopful of the 24 hour surface 
growth is suspended in 20 cc. of sterile saline, drawn into a syringe, and 
each tube of medium inoculated by the drop method of Black and Ar- 
nold (3). 

Rather than set up the standard solution at three assay levels in tripli- 
cate, we prefer to employ ten single assay levels varying at an arithmetical 
rate, as indicated in Fig. 1. The test solution or suspension is also tested 
at ten assay levels, but each approximately 25 per cent greater than the 
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preceding one, the volumes added to the 2 ce. quantities of medium varying 
from 0.01 to 0.1 cc. The tubes are plugged and the contents steam- 
sterilized for 10 minutes. 

The yeast growth in the tubes incubated in a water bath at 31° is in- 
hibited by the addition of chlorothymol at the end of 16 to 18 hours ae- 
cording to the published procedure (1). The photoelectric colorimeter is 
set to give a galvanometer reading of 100 with the blank tube (inoculated 
but containing no pyridoxine) and the turbidities of the other tubes 
evaluated In the majority of cases color and turbidity in the test solu- 
tions introduce no significant error, since the volumes of the highly diluted 
test solutions added to the basal medium are small, 0.1 ce. or less. With 
colored or turbid solutions of very low poteney, a blank correction may be 
necessary. Two uninoculated tubes, one containing 0.01 cc. and the other 
0.1 ec. of the test solution, are read. The correction for interfering colors 
or turbidities of intermediate tubes may be interpolated from the linear 
graph for these tubes. 

Hydrolysis of Bound Pyridoxine in Biological Materials--The method of 
Williams, akin, and MeMahan (1) makes no provision for the hydrolysis 
of bound pyridoxine. That they measure only free pyridoxine is evident 
from the fact that their figures for pyridoxine content are much less than 
the values obtained by animal assays. 

In Table I are presented the results of assays conducted on one of several 
nee bran concentrates. This particular product is of interest, since it had 
been carefully assayed independently in two other laboratories by two 
unrelated procedures, chemical (5) and biological (4). The microbiological 
assays were conducted against reference curves evolved with the standard 
pyridoxine solutions treated in the same manner as the test solutions. The 
niece bran concentrates, diluted 1:200 with sulfuric acid of indicated nor- 
malities, were autoclaved at 15 pounds pressure for 30 minutes, the pH 


*A small amount of turbidity is always observed in the blank tube. This is not 
attributed to the presence of minimal quantities of pyridoxine in the medium, since 
prolonged irradiation (2) of those solutions (the liver, yeast, and amino acid sup- 
plements) which might possibly still contain some pyridoxine failed to lower sig- 
nificantly the blank value. Apparently the test organism can grow to a very limited 
extent, despite the absence of pyridoxine in the medium. 

* An Evelyn photoelectric colorimeter, adapted for a 6 cc. aperture, may be used. 
The instrument is manufactured by the Rubicon Company, Philadelphia. In place 
of light absorption measurements, nephelometric readings may be obtained by using 
any of the standard fluorometers. The fluorometer is first set to read 100.0 with the 
suspension in the reference series showing maximal turbidity. It is possible to extend 
the turbidity range by increasing markedly the quantity of pyridoxine added to the 
reference tubes. However, better agreement among the various assay levels is con- 
sistently obtained when the tests are confined to the range indicated in the present 
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adjusted to approximately 6.0 with 4 \ sodium hydroxide solution, and 
then diluted to the testing range. It will be noted that heating the aqueous 
solutions for 10 minutes at 100° vields a value one-tenth of that obtained 
by biological assay. When the sample is subjected to acid hydrolysis jg 
the autoclave, there is a marked progressive increase in the pyridoxine 
figures until a maximal value is obtained which closely approximates that 
vielded by the chemical and biological assavs. Autoclaving in a more 
concentrated acid solution vields somewhat smaller pyridoxine values, 
An evaluation of the Various reference curves evolved with the standard 
pyridoxine solution similarly treated indicates that no loss of the vitamin 


I 


Determination of Optimal Concentration of Acid for Hydrolys«e of Bound Pyridarin 
in Rice Bran Concentrates 


baperiment redoame fogad* 
Simple solution in water, heated 10 min. at 100° i 
Acid hydrolysis + autoclaving at 15 Ibs. pressure for ® min. 
0.5 H,So, 
— 
115 
100 


Other samples gave similar values when tested according to the above procedures. 
These were kindly furnished by the National Oi! Products Company, Harrison, 
New Jersey. 

* This same sample was found by Dr. Morgareidge of the above company & 
contain 110 y per gm. according to the method of Dimick and Schreffler (4) in whieh 
both growth response and the degree of cure of the rat dermatitis are taken inte 
consideration. Dr. Scudi of the Merck Institute for Therapeutic Research, Rahway, 
New Jersey, obtained 103 y by his chemical procedure only after strong acid hydroly- 
sis of the test solution (5). 


occurred in the sulfuric-acid solutions of 2 \ or less and that only very 
slight destruction occurred in the more concentrated acid solutions. Ae 
cordingly, autoclaving the sample in solution or suspension for 30 minute 
at 15 pounds pressure in 2 N sulfuric acid was selected as the most desirable 
procedure for hydrolyzing bound pyridoxine. 

Atkin and collaborators (6) have also reported the necessity for hydrolyr 
ing bound pyridoxine before reliable figures for total vitamin content can 
be obtained. For routine use they recommended autoclaving at 20 pounds 
pressure for 60 minutes in 0.055 ~ sulfuric acid solution. However, they 
recognized that this procedure was not universally applicable to all foods, 
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since they found that in the case of cereal products such as whole wheat and 
white flour it was necessary to increase the normality of the acid to 0.44. 


Taste Il 
Free and Bound Pyridoxine in Biological Materials 


Pyridoxine content Bound 
sample _ ri- | Values reported in literature 


Total* | Freet | Boundg, 


— 


= (per cont y per em. 
Whole wheat flour 4.2 0.9 3.3 79 4.5 (6), 46 (7) 
Patent flour 09 O58 | | 1.2 2.2 (7) 
Wheat germ 0.6 1.1 9.5, 9 | 9.6 (7) 

“ bran $6.7 ;,10.0| 5.7) @ 

Defatted soy bean flour 28 1.8 11.0 S86 12 for ground soy beans 
(8) 
os cottonseed meal 13.1 6.2 6.9 53 
Corn-mea!l 2.1 17 45 
Rice bran concentrate 15.0 11.0 104.0 9 | 100-140 (5), 137 (8) 
Beef muscle 2.2) 3.84.0 (9) 

“ liver 4.2) 1.3) | 7.1 ©), 7.3 (7) 
Pork loin - 42 #1314 2.8, 6 | 6.8 (6), 4.5-6.5 (9) 
Fillet of flounder O.7 70 
Whole milk 0.51 044 O07 M 0.5-0.6 (6), 1.3 

“ egg 045 0.39 0.0 19 
Liver extract powder 4S 105'144.3 5&8 
Dried brewers’ venst 9.0 #%WS 31.2 OF 3° (6), 65-75 (8), 55 (10) 
Yeast extract powder m0 H.0 6.0 62 
Blackstrap molasses 4.9 5.3 79 
Brown sugar 07 O38) 0.4) 5 


sample sample sample 
MH hr. urine sample (L. 8.) 65 13 52 sD 


* Obtained on the acid-hydrolyzed suspension or solution after 30 minutes auto- 
claving of the sample at 15 pounds pressure in 2‘ sulfuric acid. 

tf Obtained on the aqueous suspension or solution after heating for 10 minutes 
at 100°. 

$ Caleulated by difference between total and free pyridoxine. 

§ Values on similar samples reported in the literature by only the ‘‘ more reliable’ 
“ay procedures are listed; the figures in parentheses refer to bibliographic 
citations. 

! Represents an approximately 20-fold concentration of rice bran. 


No rice bran preparations were included in their series of analyses. Our 
procedure involves hydrolysis in a much stronger acid solution but for a 
shorter period of time and at a lower pressure. The use of the strong acid 
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solution recommended does not destroy any pyndoxine and is in sueh 
excess as not to be affected appreciably by the buffering capacity of the 
test solution, regardless of the nature of the material being analyzed. 

In Table II is presented a series of analyses conducted upon a variety 
of biological materials before and after acid autoclaving of the suspension 
or solutions vielding values for free and total pyridoxine. The bound 
pyridoxine is calculated hy difference. It will be noted that in every 
case a large fraction of the pyridoxine is not readily available to the miero- 
organism for growth. A comparison of the values for free and total pyri- 


Tasce Ill 
Reliatility of Values for Total Pyridoxine 


The values were obtained on the acid-hydroi@ted SUSpPCMaionm oF solution after 
30 minutes autoclaving of the sample at 15 pounds pressure in 2 N sulfuric acid. 


Sample 

Dried liver Preparation A th 6t 
Rice bran Concentrate A 115 1103 
Dried brewers’ yeast 
B complex preparation 
Multivitamin tablet 230 


* The assays, unless indicated otherwise, were conducted in our laboratory by the 
method of Dimick and Schreffler (4) in which both growth response and the degree 
of cure of the rat dermatitis are taken into consideration. 

t Assays reported by The Wilson Laboratories, Chicago, based on the rat growth 
method of Conger and Elvehjem (10). 

t Assays conducted in the laboratories of the National Oil Products Company, 
Harrison, New Jersey, by the method of Dimick and Schreffler (4). 


doxine with those reported in the literature by the “more reliable’’ assay 
procedures, which include the recent microbiological method of Atkin and 
associates (6) and the chemical method of Bina and collaborators (8), indi- 
cates that fairly good agreement is obtained only when the total pyridoxine 
values are considered. The figures for free pyridoxine cannot be regarded 
as constituting even a rough approximation of the vitamin By, potency. 
Nine test samples, representing the four major sources of pyridoxine, 
were analyzed by both microbiological and biological methods of assay. 
The latter were conducted independently either in this laboratory or else 
where, as indicated in Table III. The four types of test materials were 
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three natural vitamin B complex preparations, prepared from liver, rice 
bran, and brewers’ veast, and multivitamin preparations containing syn- 
thetic pyridoxine. The results indicate that in general good agreement 
between biological and microbiological assay on the same test sample may 
be expected, provided that in the latter case the test suspension or solution 
is first subjected to strong acid hydrolysis. Furthermore, assays by the 
microbiological procedure on a large number of freshly prepared pharma- 
ceutical products, containing known quantities of pyridoxine in various 
admixtures with other vitamins and minerals, have vielded values in good 
agreement with the expected figures. 


SUMMARY 


1. A modification of the veast growth method of Williams, Eakin, and 
MeMahan for the determination of pyridoxine is described which elim- 
inates many of the inadequacies of the original method. 

2. A major portion of btologically active pyridoxine occurs in nature 
in the bound state. 

3. Autoclaving the test suspension or solution for 30 minutes at 15 
pounds pressure in 2 N sulfurte acid renders the bound pyridoxine available 
to the veast cell, so that the results by the microbiological procedure agree 
with those obtained by biological assavs. 

4. The concentrations of free and total pyridoxine in a variety of biolog- 
ical materials are listed. 
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INTESTINAL PHOSPHATASE* 


By GERHARD SCHMIDT anp &. J. THANNHAUSER 


(From the Boston Dispensary, the Joseph H. Pratt Diagnostic Hospital, and 
Tufts College Medical School, Boston) 


(Received for publication, April 28, 143) 


The recent discoveries of highly specific phosphatases such as diphos- 
phoesterase, 5-nucleotidase, pyrophosphatase, and ribonuclease render it 
desirable to reinvestigate the specificity of alkaline phosphatase, since ~ 
many properties of this enzyme have been studied on relatively crude and 
weakly active samples. Observations concerning the specificity of phos- 
phatase are not only of interest in view of its biological réle, but they also 
have an important bearing on the increasing use of this enzyme as a chemi- 
eal tool for the structural elucidation of organic phosphorus compounds. 

In this paper we will describe a method for the purification of alkaline 
phosphatase on a large scale. In addition we will report data concerning 
the specificity of the enzyme and its behavior toward activating and in- 
hibiting substances. 

The mucosa of the small intestines was selected as the source of the 
enzyme because of its very high content of alkaline phosphatase. Arm- 
strong (1) succeeded several years ago in obtaining from dog feces very 
potent solutions of alkaline phosphatase. There is no doubt that the 
enzyme of his preparation originated from the intestinal mucosa. How- 
ever, it seems to be preferable to prepare the enzyme from the mucosa 
proper, thus avoiding its exposure to intense bacterial action. 


Methods 


Phosphate was determined according to Fiske and Subbarow (2), Delory 
(3), or King and Delory (4). The latter methods were used whenever 
preliminary isolation of phosphate was desirable in order to avoid the 
interference of other substances with the colorimetric phosphate determina- 
tion (fluoride ions, cysteine, nucleotides, protein split-products, pyro- 
phosphate). 

Determination of Phosphate in Presence of Pyrophosphate—The presence 
of pyrophosphate in 0.03 mM concentration seriously interferes with all 
methods for the determination of inorganic phosphate. It prevents the 
precipitation of phosphomolybdate and the formation of molybdenum blue. 
Attempts to achieve a separation of phosphoric and pyrophosphorie acids 


* This study was aided by grants from the Kockefeller Foundation, the Godfrey 
H. Hyams Trust Fund, the Bingham Associates Fund, and the Charlton Fund. 
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on the basis of the different solubilities of their barium salts had unsatis- 
factory results. We found, however, that the method of King and Delory 
(4) can be successfully applied to the determination of small amounts of 
phosphate in the presence of relatively large quantities of pyrophosphate. 
The high sensitivity of this method permits the use of such small aliquots 
for the analvses that the influence of the pyrophosphate become « negligible. 
The original directions of King and Delory were modified in some details 
in order to adapt the method to phosphate-pyvrophosphate mixtures, 
Since the precipitation of the phosphate as the hydroxyquinoline-molyb- 
date complex is carried out in N hydrochloric acid, the heating of the 
mixture as recommended by King and Delory was omitted and the pre- 
cipitate was allowed to stand for only 5 minutes at room temperature 
before centrifuging. We found it sufficient to seratch the wall of the 
centrifuge tube a few times with a glass rod in order to obtain the hydroxy- 
quinoline-phosphomolybdate precipitate in a flocculent form. It was 
found by means of recovery experiments that amounts of phosphate above 
2 y can be quantitatively determined in aliquots containing not more than 
100 y of pyrophosphate phosphorus. In enzyme experiments With pyro- 
phosphate it is necessary to determine the phosphate content of the 
pyrophosphate solution in a blank of a sample treated similarly to that 
incubated with the enzyme. 

Substrates Potassium diphenyl phosphate was synthesized according 
to the procedure of Asakawa (5). It was recrystallized several times from 
water in order to remove the last traces of the monoester. 

Phosphopyruvic acid was synthesized from pyruvic acid and phosphorus 
oxychloride according to Kiessling (6). It was necessary, however, to 
modify the procedure of this author in some details, since we tailed in sev- 
eral attempts to obtain the substance according to the original directions 
of Kiessling. The following modifications have been found to be useful. 

1. Since the amount of quinoline used by Kiessling as a medium for the 
phosphorylation does not suffice to protect the phosphorylated product 
against the acid formed during the reaction, we took precautions preventing 
any increase of the acidity bevond the turning point of Congo red paper. 
The amount of quinoline present at the beginning of the phosphorylation 
was doubled in comparison to Kiessling’s directions by dissolving the 
pyruvic acid in 3 times its weight of quinoline. During the course of the 
phosphorylation the acidity was frequently checked with the aid of Congo 
red paper and more quinoline added if necessary. 

2. The preliminary fractionation of the crude barium salt, suggested by 
Kiessling, was omitted because we found that it had little purifving effect 
and caused great losses. We prepared the silver barium phosphopyruvate 
directly from the crude mixture of the barium salts and usually obtained 
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it immediately in well crystallized torm. The salt never failed to crystallize 
after the first reprecipitation. Our yields amounted to 3 to 4 gm. of the 
silver barium salt from 40 gm. of pyruvic acid. 

Determination of Phosphatase—Our method for the determination of 
phosphatase represents an adaptation of the existing procedures to the high 
activity of our enzyme preparations. It is based on the empirical fact that, 
during the initial stages of the hydrolysis of sodium 8-glycerophosphate, 
the amounts of phosphate formed within a certain time interval are pro- 
portional to the amounts of phosphatase present.' 

Standard Conditions —10 ce. of a 0.1 N veronal buffer of pH 9.30, 1 ec. of 
a 5 per cent solution of sodium 8-glycerophosphate (Eastman), and 0.5 ec. 
of a 15 per cent solution of crystallized magnesium chloride are mixed in a 
test-tube and warmed to 37°. After addition of | ec. of the enzyme solution 
and incubation of the mixture for 15 minutes at 37°, the amount of inor- 
ganic phosphate was determined. If the amount of inorganic phosphorus 
exceeded 0.25 mg. (corresponding to 5 per cent hydrolysis), the determina- 
tion was repeated with a conveniently diluted solution of the enzyme. 

The unit of phosphatase is defined as the amount of enzyme required for 
the formation of 0.1 mg. of inorganic phosphorus within 15 minutes under 
the standard conditions. (Our standard conditions are suboptimal in 
regard to the pli and to the substrate concentration.) 


Purtfication of Alkaline Phosphatase 


The purification of the enzyme is based on its resistance to trypsin diges- 
tion, its low adsorption affinity for aluminum hydroxide, and on fractional 
precipitation by ammonium sulfate. 

Extraction Twenty pieces of calf intestines (the first 2 yards from the 
pylorus) are collected in the slaughter-house and thoroughly rinsed with 
tap water. No special precautions such as rapid preparation or cooling 
are required. The mucosa is squeezed out from each loop with the aid 
of wooden spatulas (tongue depressors). The material (usually 2 liters) 
is then diluted with 3 volumes of tap water and brought to a pH of 9.0 by 
slow addition of 2 N sodium hydroxide. After the addition of 500 cc. of 
toluene, the suspension is vigorously stirred for 30 minutes by a mechanical 
stirrer. The resulting milky suspension is strained through cheese-cloth 
(Yankee polishing cloth), leaving a very small mucus residue. The ac- 
tivity of such suspensions usually amounts to 30 to 50 units, the total 
nitrogen content to 2.5 to 3 mg. per ce. 

Digestion with Trypsin— The suspension contains the phosphatase in 


* Our studies on the kinetics of phosphatase have led us to the conclusion that the 
use of pheny! phosphate as substrate is preferable to that of glvcerophosphate for the 
purpose of phosphatase determinations. 
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insoluble form associated with lipid particles, which cannot be separated 
by centrifugation from the liquid phase. The msolubility of the phos- 
phatase can be demonstrated by filtration of the suspension through in- 
fusorial earth (Hyfio from Johns-Manville). As much as 85 per cent of 
the enzyme remains on the filter and can be recovered by simple water 
extraction of the filter cake. 

Digestion with trypsin was tound to be the only satisiactory way to 
render the enzyme soluble. It will be remembered that in most of the 
current procedures for the preparation of phosphatase, autolysis is used as 
an indispensable step for the liberation of the enzyme from the tissues (7). 
Artificial proteolysis in the form of trypsin digestion has been introduced 
as a useful step in the purification of alkaline kidney phosphatase by 
Ehrensviard (8), who discovered that the activity of alkaline phosphatase is 
not affected by trypsin. WKutscher and Pany (9%) found later that acid 
phosphatase is papain-resistant. A solution of 10 gm. of commercial 
trypsin (Difco) in 500 ec. of water is added to the suspension and the mix- 
ture is incubated for 24 to 36 hours at 37°. The digested material is mixed 
with 400 gm. of Hyflo Super-Cel and filtered on a large Buchner funnel 
over ordinary filter paper which had been covered with a layer of 400 gm. 
of Hyflo Super-Cel. The filtration proceeds rapidly and yields a clear 
yellow liquid. The filter cake is finally washed twice with 2 liters of water. 
Practically no loss of enzyme results from the tryptic digestion or from the 
filtration. The principal effect of the filtration is the removal of fats 
and fatty acids which are present in large amounts in the intestinal mucosa 
of young calves. At this stage the enzyme content per mg. of nitrogen of 
the solution amounts to 10 units. 

Precipitation with 0.9 Saturated Ammonium Sulfate—-The phosphatase 
quantitatively precipitated from the combined filtrate and washings (total 
volume about 12 liters) by adding 600 gm. of solid ammonium sulfate, c.r., 
to each liter of the enzyme solution. After the solution has stood for a 
short while, the precipitate collects on top and can be easily separated from 
most of the mother liquor by siphoning. ‘The top layer, containing the 
precipitate, is filtered over a thin layer of Hyflo Super-Cel on a Buchner 
funnel (diameter 25 em.). The precipitate is suspended in about 300 ee. 
of 0.1 N ammonium acetate buffer of pH 8.9. (An approximately normal 
solution of this buffer is prepared in the following manner. 62 cc. of & 
28 per cent solution of ammonia are diluted to 500 ce. After addition of 
35 ec. of glacial acetic acid, the pH is adjusted to 8.9 by further dropwise 
addition of glacial acetic acid with thymol blue as indicator, and the 
volume is made up to 1000 cc.) The enzyme solution contains approx- 
mately 300 phosphatase units per mg. of nitrogen. 

The solution of the ammonium sulfate precipitate is separated from in- 
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soluble contaminations by filtration over a thin layer of Hyflo Super-Cel. 
This solution is brownish and sometimes turbid and contains the total 
amount of phosphatase present in the original extract. 

Fractionation with OS Saturated Ammonium Sulfate-—The amount of 
ammonium sulfate in the solution is approximately calculated from its 
specific weight, and enough solid ammonium sulfate is added to bring the 
ammonium sulfate content to 500 gm. for each 1000 gm. of water. The 
precipitate is filtered over a thin layer of Hyflo Super-Cel and washed with 
200 cc. of O.S saturated ammonium sulfate solution. 

This fractionation has only a relatively slight purifying effect, as judged 
from the activity per mg. of protein nitrogen in the precipitate which is 
only 1.5 times higher than in the solution of the first ammonium sulfate 
precipitate. It was found, however, that the step is indispensable for the 
success of the subsequent procedures. Apparently it removes contaminat- 
ing proteins which cannot be separated from the phosphatase during the 
later stages of the purification. 

Dialysis -The solution is prepared for the subsequent adsorption on 
aluminum hydroxide by dialyzing it overnight in collodion bags of 50 ce. 
capacity against 8 to 10 liters of 0.025 N ammonia-ammonium acetate 
buffer of pH. 8.8. No loss of enzyme activity results from this procedure. 

Treatment with Aluminum Hydroxide and Kaolin —The dialyzed solution 
of the second ammonium sulfate precipitate can be very efficiently purified 
by aluminum hydroxide, which adsorbs contaminating substances but 
leaves most of the enzyme in the solution. However, the selectivity of the 
adsorption holds true only as long as the adsorbent is not used in excessive 
amounts. Jt ts therefore important to add the adsorbent in small fractions and 
to control the activity in the supernatant after cach addition. The omission of 
this precaution can result in the loss of the whole preparation, since phos- 
phatase, once adsorbed, cannot be recovered in soluble form. 

10 ce. of a suspension of aluminum hydroxide Cy (10) are addedslowly 
with vigorous shaking to each 100 ce. of the dialyzed enzyme solution. 
After centrifugation, the activity per mg. of nitrogen is determined in the 
supernatant, and the adsorption of the supernatant is continued with 
smaller amounts (5 per cent) of aluminum hydroxide, until the enzyme 
activity per mg. of nitrogen reaches its maximum. At this stage the solu- 
tion is only very slightly opalescent and almost colorless. One adsorption 
with 10 and three subsequent adsorptions with 5 per cent of the aluminum 
hydroxide suspension are usually sufficient to achieve the maximum 
purification possible. The amount of aluminum hydroxide used should be 
kept near the minimum required, since increasing amounts of phosphatase 
are lost in the solid phase as the purity of the enzyme approaches its 
maximum. If the adsorption is carried out cautiously, the loss does not 
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exceed 35 per cent of the amount of enzyme present betore adsorption, 
The activity per mg. of nitrogen in the supernatant ts usually 2400 units, 

Removal of Contaminating Trypsin—All phosphatase preparations ob- 
tained by the procedure described above contain small amounts of trypsin. 
They give rise to definite increases in the formol titration and the amino 
nitrogen values when a solution containing 200 phosphatase units is in- 
cubated with 1 per cent gelatin at pH 8.5 for 24 hours. Such contamina- 
tions with trypsin would render impossible studies concerning the action 
of phosphatase on phosphoproteins. 

The trypsin can be removed by shaking puntied phosphatase solutions 
with 5 per cent kaolin and filtering the solution. When this procedure is 
repeated three times, no detectable amounts of trypsin are present in the 
resulting solution of phosphatase. Simultaneously the kaolin treatment 
practically eliminates small contaminations of mibonuclease. The loss of 
phosphatase incurred during the kaolin adsorption is negligible. 

Precipitation of Phosphatase by Means of Acctone-——At this stage of the 
preparation, the precipitation of phosphatase with ammonium sulfate has 
no further purifying effect. However, it can be used to obtain the enzyme 
in the form of a more concentrated solution. This is advisable if the con- 
centration of phosphatase in the supernatant from the adsorption proce- 
dures is less than 200 units per cc. In this case the enzyme is precipitated 
with a vield of from 60 to 80 per cent by adding 60 gm. of ammonium sulfate 
to each 100 cc. of the supernatant. The precipitate is filtered over a thin 
layer of Hyflo Super-Cel, washed, and dissolved in a conveniently small 
volume of 0.05 N ammonia buffer. The ammonium sulfate is removed by 
dialysis as described before. 

Usually, however, it is not necessary to concentrate the enzyme solution, 
and it is preferable to precipitate the supernatant directly with acetone. 
For this purpose 4 volumes of redistilled, ice-cold acetone are added slowly 
to 1 volume of the ice-cold supernatant. The mixture becomes opalescent 
when the concentration of acetone exceeds 45 volumes per cent, and a white, 
granular precipitate of microcrystalline appearance settles out after the 
mixture has stood for a short time in the refrigerator. The precipitate can 
be easily separated by centrifugation and is readily soluble in water. For 
reasons of stability it is dissolved in a small volume of 0.02 ‘ ammonia 
buifer of pH 8.8. This solution contains 90 per cent of the phosphatase 
present in the supernatant from the adsorption. After one reprecipitation 
with acetone, the activity amounts to 4000 units per mg. of total nitrogen. 
The acetone precipitate can be dried in vacuo without loss of activity or 
solubility and represents the most suitable form of phosphatase for chemi 
‘al analysis. However, we usually stored the enzyme as an aqueous solu- 
tion which kept its activity unchanged for many months. The solution 


- 


— 


| 
ec} 
if 
of 


G. SCHMIDT AND s. J. THANNEAUSER 375 


of the second acetone precipitate was always dialyzed overnight in the 
refrigerator against 10 liters of 0.02 N ammonium acetate buffer of pH 8.9. 
Collodion bags were used for this purpose. The final yield of the enzyme 
amounts to approximately 30 per cent of that present in the intestinal 
mucosa. ‘The outlined procedure was carried out on many different batches 
of material and gave easily reproducible results in regard to yield and 
purity of the enzyme. 

Some Chemical Properties of Purvfied Phosphatase— All samples of purified 
phosphatase give positive biuret and Molisch tests. They reduce alkaline 
copper solutions after hydrolysis with N hydrochloric acid. The poly- 
saccharide content of purified phosphatase is very considerable. We 
determined the carbohydrate content in several phosphatase preparations 
according to the method of Somogyi (11). In the following, we report the 
results of such an analysis. 

5 ec. of a dialyzed phosphatase solution contained 8.2 mg. of dry ma- 
terial. ‘The solution was free of ammonia and gave 2.2 mg. of ash after 
combustion in a platinum crucible in an electric furnace. 

2 ec. of the solution contained 0.242 mg. of total nitrogen, according to 
the method of Kjeldahl. 

0.01 ce. of the solution formed 0.485 mg. of inorganic phosphorus under 
standard conditions, corresponding to a couient of 4000 phosphatase units 
per mg. of nitrogen. 

A glucose determination according to Somogyi was carried out on 3 ce. 
of the solution. No glucose was found. 

3 ce. of the solution were refluxed with N hydrochloric acid for 3 hours. 
After neutralization, the volume was made up to 10 ce. A glucose deter- 
mination according to Somogyi was carried out in an aliquot of 3 ce. 
The solution consumed 2.1 cc. of a 0.005 N solution of iodine, corresponding 
to a carbohydrate content of 0.254 mg. (calculated as glucose). 

From the reported values it was calculated that the analvzed sample of 
phosphatase contained 10.1 per cent nitrogen and 21.2 per cent polysac- 
charide (calculated as glucose). 

It is obvious that the values per 100 gm. of dry weight represent only 
approximate estimations, since it ts arbitrary to consider the total amount 
of ash as a contamination. 


DISCUSSION 


The presence of a polysaccharide in highly purified samples of phos- 
phatase is of considerable interest in view of the readiness with which 
phosphate reacts with carbohydrates in the organism. On the other hand, 
it is well known how tenaciously polysaccharides can adhere to proteins 
during the procedure of purification. It will be possible to decide by elec- 
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trophoresis or sedimentation experiments whether the polysaccharide is a 
constituent of the phosphatase molecule or a contamination. Unfortun- 
ately, an examination of phosphatase by these methods could not be 
carried out in our laboratory owing to the lack of the special equipment. 


Data Concerning Kinetics of Alkaline Phosphatas 


Influence of Substrate Concentration on Activity of Alkaline ’hosphatase- 
It is obvious that the description of phosphatase would be greatly facilitated 
if the effect of this enzyme on its various substrates could be characterized 
by the computation of Michaelis-Menten constants. The knowledge of 
these constants would enable us to compare the behavior of the enzyme 
towards various substrates under given temperature and pH conditions 
without reference to the substrate and enzyme concentrations in the 
individual experiments. 

Unfortunately the application of the Michaelis-Menten equations to the 
action of alkaline phosphatase is at present very limited, owing to the 
peculiar kinetics of the action of this enzyme. When we investigated the 
action of phosphatase on three typical substrates, pheny! phosphate, 
8-glycerophosphate, and inorganic pyrophosphate, we found that only the 
hydrolysis of phenyl phosphate represents a unimolecular reaction. Onh 
in this case was it possible to determine the initial rates of the enzyme action 
with sufficient accuracy to allow the application of the Michaelis-Menten 
equation. Fig. | represents an experiment with pheny! phosphate in which 
the influence of the substrate concentrations on the rate of hydrolysis was 
investigated (Curve A). The Michaelis-Menten constants as computed 
according to Lineweaver and Burk (12) were found to be 7.20 & 10°°, 7.20 
x 10°, 7.30 & 10°°, 7.20 & 10° for substrate concentrations of 1.8, 0.9, 
0.54, 0.36 mM respectively (Curve 8B). The amount of phosphatase present 
in all samples of this experiment was 0.19 unit. In another experiment in 
which 0.045 unit of enzyme was used the values tor the constant were 7.8 X 
10° and 7.5 & 10°° for substrate concentrations of 0.54 and 0.36 ms 
respectively. The agreement between the results obtained with two 
different enzyme concentrations appears satisfactory in view of the circum- 
stance that the low substrate concentrations at which the rate of hydrolyse 
approaches its maximum necessitates the use of very small amounts of 
enzyme in order to keep the extent of the hydrolysis below 5 per cent of 
the total amount of substrate. The values obtained with the larger amount 
of enzyme should be considered more reliable than those with the smaller 
amount of enzyme. It might be noted that the range of substrate con- 
centrations at which the rate of hydrolysis reaches its maximum agrees 
well with that observed by Follev and Kay (13) for the alkaline phosphatase 
of the mammary gland. These authors found in addition an inhibitory 
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effect of substrate concentrations beyond the optimum and considered the 
possibility that the enzyme forms at least two compounds with the sub- 
strate. They assumed that only one of these compounds forms phenol 
and inorganic phosphate on decomposition (14). We have extended our 
investigation over a range of substrate concentrations from 0.8 mM up to 
125 mu and found indeed a slight inhibitory effect in the higher ranges of 
concentrations (hig. |, Curve C, and Fig. 2). However, it seems to us that 
this effect is too small to warrant the application of Haldane’s equation or 
to influence appreciably the caleulation of the Michaelis-Menten constant, 
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Fie. 1. Curve A, influence of the substrate concentration on the enzymatic hy- 
drolysis of sodium phenyl phosphate. Curve B, curve obtained from the data of 
Curve A according to Lineweaver and Burk. (¢, substrate concentration in mm; 
®, micrograms of phosphate formed during 4 minutes of incubation.) Amount of 
phosphatase, 0. 19 unit; time of incubation, 4 minutes; total volume, 11 ec. containing 
Wee. of 0.1% veronal buffer of pH9.23. Curve C, influence of the substrate concen- 
tration on the enzymatic hydrolysis of sodium pheny! phosphate. The amount of 
enzyme used was twice as much as that used for Curve A. The curve covers a higher 
range of substrate concentrations. 


which is based on the rates of hydrolvsis in the range between 0.36 and 1.8 
mM substrate concentrations. 

On hydrolysis, 8-glycerophosphate behaves somewhat differently from 
phenyl phosphate, inasmuch as the enhancing influence of increasing sub- 
strate concentrations is observed up to the highest investigated concentra- 
tions without the existence of an asymptotic part of the curve (Fig. 3). 

Pyrophosphate, which is split by phosphatase at low concentrations, 
progressively inhibits the action of the enzyme in the ranges of higher 
concentrations until the activity of the enzyme practically ceases (Fig. 4). 
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The concentration at which the inhibition ts complete depends on the 
28 units of phosphatase are com- 


amount of enzyme present (Table I 
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concerning the ps rophosphate inhibition of phosphatase suggest the idea 
that phosphatase might be a metal protein capable of forming complexes 
with pyrophosphate. 

Tasie 


Influence of Concentration of }) os phatase on Concentration of P yrophos phate Necessary 
for Tatal fron of Phos phatase telion 


‘Tine ithe 71 minutes: total volume, 1] containing ee. ot ol N 
veronal buffet reat pyrophosphate 105 mu; pll 9.32 
Ph Vhoent orus Per cent hydrolysis 
‘ 
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203 
002 
/ 
4 6 6 © @ MW 6 WH 2 22 24 26 
frum ete mM Scdwwm 2L-Giycerophosphate 
bia. 6 
hydrolysis of sodium pheny! phosphate Curve A) and sodium 3-glycerophosphate 


Curve I \mount of phosphatase, 2.5 units; time of incubation, 5 minutes; total 
volume, Il ce. containing l0 ee. of 0.1 veronal buffer; pH 9.15. 

Fra. 6. Influence of sodium ite (i m the hydrolysis of sodium 8-glye- 
eroph presence ¢ yarn dl amounts of substrate ‘urve A. rite sodium phos- 
phate added; Curve KB, 1 mw sodium phosphate added; amount of phosphatase, 1.7 


unite: time of incubation. 5 minutes: total volume, 12.5 ec. containing 10 ee. of 0.1 
veronal buffer: pil O15 


Influence of Split-l’roducts While the alcohol moieties of the substrates 
are practically without influence on the rate of phosphatase action in the 
range of low concentrations, a very marked inhibitory effect of phosphate 
ions is characteristic for the hydrolysis of all investigated substrates (Fig. 
5). The effeet is at least partially competitive, since its intensity lessens 
with increasing substrate concentrations (Fig. 6). It is plausible to assume 
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that phosphatase combines with its substrate at the phosphate radical 
exclusively. This assumption would also explain the lack of specificity of 
phosphatase action. 

Time Curves—Out of all investigated examples of phosphatase action, 
only the hydrolysis of pheny! phosphate follows the course of a unimolecular 
reaction. In the case of the other investigated substrates the rates drop 
faster(Figs.7 and8). Although the phosphate inhibition is in part responsi- 
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Fic.7. Time curves of the enzymatic hydrolysis of sodium monopheny! phosphat 
(Curve A) and sodium rophosph ite (Curve Amount of phosph 36 
units; concentration of substrate, 8.5 mu: total volume. I] ec. containing 10 ec. af 
0.1 veronal buffer; pH] 0.15 

Fic.8. Time curves of the enzymatic hyvdrolvem of sodium pirophosphate in pret 
ence of varied amounts of phosphatas Amounts of enzyme, 13). 12. 4.8, and 24 
phosphatas unite in Curves A.B. ¢ ind D respective ly; concentration of 
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ble for this behavior, it is not yet possible to decide whether it is the onl 
reason for the peculiar slope of the time curves. 


Activators and Inlutntors of Alkaline Phosphatase 


Magnesium Jons-—-The influence of added magnesium salts on intestinal 
phosphatase is very slight (Table IJ). This fact has already been empha- 
sized by Armstrong (1). Since the enhancing effect of magnesium salts 
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is still increasing in the ranges of rather high concentrations, it is difficult 
to decide whether the effect is due to a specific activation of the enzyme or 
simply to the removal of phi wsphate IONS. 

Amino Acids (Cysteine Excluded)—No appreciable effect of glycine or 
alanine on the action of phosphatase could be detected. Hove, Elvehjem, 
and Hart (15) reported in 1940 that zine salts in combination with amino 
acids have an activating effect on dialyzed intestinal phosphatase from 
rats. In our experiments with dialyzed and purified phosphatase from 
ealves, the addition of 1.5 ma alanine and 0.05 mm™ zine sulfate, either 


Il 
in flue at Magne Intestinal Phos phatase 
Total volume, 11.5 ce. containing 10 ee. of 0.1 S% veronal buffer of pH 0.2; 12.5 mm 
g-eodium glycerophosphate; 1.45 phosphatase units; incubation, 15 minutes at 37°. 


Magnesium chloride, O.2¢ 13 6.5 32 


Phosphorus formed 125 () 120 0.141 
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Standard comditions, 2.5 units of phosphatase 


Cysteine added, ww 


Taste IV 
ln fluc nee of (ON) 
Total volume, 13 ec. containing 10 ee. of 0.1 ~ veronal buffer of pH 9.2; 12.5 m~™ 


glyvcerophosph ite; phosphatase tinits 


Nal 7.5 15.0 


Phosphorus formed in 15 min... mig O26 


separately or in combination, had no influence on the activity of the 
enzyine. 

Bile Acids No effect on the activity of phosphatase was observed on 
addition of sodium cholate in various concentrations. 

Fluorides Fluorides up to 50 mM concentrations have no effect on in- 
testinal alkaline phosphatase. 

Cysteine Several investigators have observed the strong inhibitory 
effect of cysteine on alkaline phosphatases prepared from various sources 
16,17, 18). We obtained similar results with purified intestinal phospha- 
tase (Table III). 

Cyanide—The data reported in Table [IV demonstrate the strong in- 
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hibitory efiect of c\ anides in small concentraviols result supports 
the view already suggested by the eflect of pyrophosphate that phosphatase 
is probably a metal protem compound 


Ade nyl Pyrophosphat big demonstrates the action of exh ‘ustively 
dialyzed phosphatase on adeny! py rophosphate. The course of the reae. 
tion was followed up toa pont at which 78 per cont of the substrate was 
hydrolyzed. W hile it Is ule ni that ill three lin ire af 
tacked the enzyme, if appears that the two linkages 
are split faster than the non-hydrolyzable estes linkoge observation 
is in complete agreement with the results obtamed by LiebkKnecht (19) in 
Lohmann’s laboratory with bone phosphatass lt is in contradiction te 


the observations of Barrenscheen (20) who claims that oniy the non 
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hydrolyzable phosphate linkage ts split by alkalonw case We 
convinced ourselves that adenv! pyrophosphate is stable under the cond 
tions of our experiment in the absence of phosphatas 

Phosphopyruce acid is split Vv phosy hatase MW) vomits of the 
dialy zou enzvine are sufficient to release SS per cent of the tots phosphorus 
from 10 ec. of a LO mM solution within OO minute. 

Diphenyl phosphoric ing amd hors Ji thal 
several chesters ol phosphoric hvadrok mou by \rmstrong s 
phatase. Our own observations ngre with the results ol those suthors 
We found that diphenv! phosphiat by mtestinal “ata 
rate which ts 170 times lower than that of the hvdrol) 2 of the monoester 
‘The time curve represents practically astraight line up to ¢ per cent hvdrol- 


vsis. The split-products are phenol and morganic phosphate which 


appear at a molecular ratio of 2:1 throughout the course of th hvdrolys. 
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In view of the much faster rate at which the monoester is split, this fact 
does not exclude the assumption of a stepwise degradation. 

Very likely the hydrolysis of the diester is caused by the action of phos- 
phatase itself and not by the presence of contaminating amounts of a hypo- 
thetical “phosphodiesterase."” When we attempted to isolate the enzyme 
responsible for the hydrolysis of the diester from the intestinal mucosa, we 
found it in each stage of the preparation associated with the phosphatase- 
containing fractions. These observations are of course not in contradiction 
to the existence in snake venom of a specific phosphodiesterase, but it ap- 
pears that the term ‘“nhosphomonoesterase,’’ sometimes used in the litera- 
ture for phosphatase, is misleading. 

Biological Diesters of Phosphoric Acid—Cephalin, prepared according to 
Parnas (22), lectthin, prepared from egg volk and brain according to Levene 
and Rolf (23), and sphingomyelin, prepared according to Thannhauser and 
Setz (21), are not attacked even by large amounts of intestinal phosphatase 
(700 units in 10 ec. of 8.5 mM emulsion of the substrates). 

Yeast nucleic acid is completely dephosphorvlated in the presence of 
sufficiently large amounts of phosphatase. The absence of ribonuclease in 
the phosphatase solutions used for the hydrolysis was demonstrated by the 
complete resistance of ribonucleic acid to phosphatase solutions which had 
heen heated at pH 5.0 to 8SO° during 15 minutes. 

In view of the increasing use made of phosphatases in studies concerning 
the structure of nuclete acids (25, 26), we wish to emphasize that alkaline 
phosphatase offers no simple possibilities for the structural differentiation 
of the various phosphorus radicals in ribonucleie acid. 

Thymonuclere acid in its highly polymerized form (prepared according to 
Hammarsten (27)) is not split by phosphatase. 

It is interesting to note the different behavior of ribonucleic acid and des- 
oxyribonucleic acid towards hydrolyzing enzymes. The nucleotides of 
nbonucleic acid, which can be so easily obtained by alkali hydrolysis of 
nbonucleic acid at room temperature, have never been observed as products 
of its enzymatic hydrolysis. The degradation by mbonuclease stops at 
«plit-products of higher molecular weight, while the hydrolysis by phos- 
phatase leads to the complete release of the phosphorus radicals without the 
intermediary action of another enzyme. 

On the other hand, it has been conclusively demonstrated by Thann- 
hauser and his coworkers (28) that the enzymatic formation of nucleotides 
from desoxyribonucleie acid is the necessary intermediary reaction pre- 
ceeding the formation of nucleosides and inorganic phosphate. 

Casein is not split by phosphatase, but is readily dephosphorylated by the 


Was purified’ by two preeipitations with glacial acetic acid 
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enzyme after previous treatment with commercial trypsin. This observa. 
tion suggests the assumption that the phosphorus groups in casein are not 
present as “‘end-groups,”’ but participate in the linkages bet ween the amino 
acids. 

It will be of interest to Investigate which one of the proteolvtie com 
ponents of crude trypsin— trypsin, chymotrypsin, or carboxyvpol) peptidase 

renders the phosphate radicals in casein susceptible to the action of 
phosphatase. Such information might be helpful in characterizing the 
different specificities of trypsin and chymotrypsin 


SUMMARY 


|. A method tor the purification of alkaline intestinal phosphatase 
described. 

2. The kinetics of the enzymatic hydrolysis of sodium phenv! prhicospobaaate 
and sodium 6-glycerophosphate have been studied 

3. The influence of some substances on the activity of puritied alkalin 
phosphatase has been investigated. It was found that the enzyme was in 
hibited by small amounts of evsteine and evanide ions, but not bw fuorid 
ions. Magnesium ions had a very slight activating effect. Zine «alts 
alanine, and bile salts were without effect 

!. The specificity of alkaline intestinal phosphatase has been <tudied 
Phosphopyruvie acid, pyrophosphorie acid, acid. and 
diphenylphosphoriec acid were hydrolyzed, while phosphatides were found 
he completely resistant to the enZzvine Phe phosphoric als 
veust nuclei acid were completely released as ste um the 
presence of intestinal phosphatase, while highly polvmerized thymonuecles 
acid was not split under the same conditions. Casein and phosphovitellin 
were not attacked by the enzyme, but it was found that the phosphonre aci 
radicals of these phosphoproteins were readily liberated ax inorgank 
phosphate after preliminary treatment of the proteins with crude tr pein 

>. As much is 2) percent of n pols saccharide was re iv to 


present in samples of purified phosphatase 
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Investigations in progress in this laboratory concerning the usefulness otf 
vegetable juices as media for growing antibiotic-producing organisms re- 
quired a rapid and accurate method for the quantitative determination ot 
tyrothricin. The usual assay method tor ty rothricin ts based on the mbhuibi- 
tory effect of this substance on the growth of various test organisms such 
- Lactobacillus casei, (an unidentified micrococcus obtaimmed 
from Merck and Company, Ine.), and Staphylococcus aureus. By the serial 
dilution technique it is possible to arrive at values roughly indicating the 
concentration of tyvrothmem \x routinely carried out, this method 1s, 
however, subject to the usual limitations of such methods; namely, low 
degree of accuracy, slowness, and variations in the test organisms. 

Another method, which probably gives more accurate values than the 
microbiological method, is the actual isolation of tvrothricin from the cul- 
ture media by the method of Dubos and Hotchkiss (1) \s will be shown 
later in this paper, about 75 per cent of the activity is usually recovered by 
this procedure 

The hemolvtic properties of tvrothricin' have been reported by various 
workers 1-5 Apparently the possibility of utilizing this property for 
assay purposes has not been investigated. In planning the research re- 
ported here it was considered that, if this action is inherent in the bacterici- 
dal substance, it would be possible to measure the degree of hemolysis ot 
red blood cells and to establish a relationship hetween the amount of bac- 
tericide and the degree of hemolvsis. lf this relationship could be estab- 
lished. a quantitative cletermination ot t\ rothricin in unknown solutions or 
media should be possible. Experimental work has substantiated this idea, 
and a method has been developed by means of which it is possible to deter- 
mine as little as 100 me. of tvrothricin per liter of media, with an accuracy 
ot about 5 per cent 


} Although tyrothricin is a mixture of two substances (tyrocidine and gramicidin), 


the proportion of the two, so far as is known, is constant in culture media and in iso 


ited mate rial 4 


SAS . DETERMINATION OF 


LAVPERIMENTAI 


Pre paration of Standard 7 yrothricin Solution \ stock solution is prepared 
bv adding 50 mg. of tyrothricin to 1 liter of 95 per cent aleohol. The 
tvrothricin used in these experiments was isolated, by the method emploved 
by Dubos and Hotchkiss (1) with a slight modification, from Bacillus breeds 
culture grown on media made Irom an extract of dehvdrated uspurngus 
butts. The activity of this standard solution, as determined bv the method 
described in this communication, was found to be comparable, within exper 
imental limits, to the activities of (1) a sample of tvrothricin furnished by 
Merck and Company, Inc., and (2) mixtures of ervstalline tvrocidine hwdre 
chloride and crystalline gramicidin in proportions ranging from 5 to 35 per 
eent ot gramicidin. 

strain were used as a source of the ervthroeytes lhe rat< were anesthe 
tized with chloroform, and the blood was drawn from the heart inte « 
syringe contaming 0.5 mil. of saturaicd sodium oxalate solution. The 
amount of blood (about 5 ml.) was measured to the nearest 0.1 ml. and 
after being mixed was diluted with S5 mi. of OST per cent s<alim lhe 
suspended cells were then centrifuged, and the supernatant was carefull 
poured off. The cells were then diluted with O.S7 per cent saline to 10 times 
the original blood volume, and were stored in an ice chest The stock 
preparation must be freshly prepared every 3 or 4 days 


Ponder has pointed out in a senes of publications (6) that the degree of 


mensured bv colbormetne pm 


hemolvsis of red blood cells can be accurats 
cedures. For the present investigation a Klett-Summerson photoeleetri 
colorimeter, equipped with a 660 my filter, was emploved ites filter 
allows a maximum of light to be transmitted with hemolvzed bolemocd, conned the 
maximum change in transmission between the unhemolwzed and the 
hemolyv zed cells is obtained 

lor test purposes the following method is used. 5 mil. of the <tock blood 
preparation are diluted to 100 mil. with OST per cent saline and placed ins 
500 mil. Erlenmever flask This enables the operator to shake the sus 
pended cells before ench is remove r thas 
has stood lal about 1 minutes, it is shaken a time or two ind 10 mil. an 
pipetted Into it calibrated colorin eter tills | he mitinl «i this cell 
suspension should be between SO) and on o In le TT 
colorimeter which has been adjusted lo zero with distilled wate The 
initial reading Thaa\ fluctuate two or three divisions, but the aves we reucing 


should ne constant for several hours and should be u-<« Lite tthe leulations 


A calibration curve must be prepared for each diluted blood preparation 


480 


rer Nite 


For this purpose sever standard tyrothricin solutions are made bv diluting 


the stock solution with per cent aleoho! standards eontam S to 


of ts rothricimn pet mi. ot aleohol. 


d The initial reading of the ctandard cell suspension is checked, and the 
tube is removed from the instrument. 05 ml. of one of the standard tyro- 
thricin solutions is added with a ml. serological pipette and, in order to 
the contents the placed over the opening of the tube which Is 
inverted slowly tour times tube must not be shaken, since the mixing 
ter he «<omewhat eritieal, and the directions given should he 
ul 
rk 
ve “9 
rv ic. 1 Fic. 2 
1. The rate of hemolysis of a st erythrocyte suspension with varying 
he snounts of addedtyrothricin. 35 = | hange int ransmission of light 
he Pia. 2. Calibration curve Che relationship between the micrograms of tyrothn- 
hemolysis of a standard erythrocyte suspension in 2 minutes 
tollowed preetsely \ <top-watch is started at the time of the fourth mver- 
sion. and readings are taken af GO and 180 seconds. These 
penn values are subtracted trom the average initial reading and recorded. They 
ary represent the log ol the change in transmission ot light (AS). bv plotting 
rel og AS against time tor concentrations ot tvrothricin a family ot 
TT curves is obtained (Fig. | 
‘hie lt was found necessary to add the tyrothriem dissolved in alcohol to the 
ing bloxl eellx in order to get reproducible results. This may be due to the 
1s low solubility of tvrothricin in water. With alcohol as a solvent 4 simple 


jon ; quantitative extraction o the culture media is also made possible. Aleo- 


A 


hol itself has little effect on the blood cells in concentrations up to LO per 


cent in lO or 15 minutes it does show, however, a marke l imi tory et. 
fect on the hemolvtie action ot the t rothnricin bor (his reason it is nee 
essarv to adda constant amount (0.5 mil. of aleohol to 10n of the blood 
cells). If this procedure is tollowed, the inhibitory effect of U leohol is 
constant. 

In ordet to prepare the calibration curve big. 2). the DS values are taken 
from the flat portion of ¢ ach curve (the 2 minute reading nd these values 
are plotted agaist their respective tvrothricin Im this 
manner a straight obtaimed which will relate the t Concern 
tration with the change in transmission Phus. it becomes possible t 
determine the tvrothricin content of anv given aleoholic solution by measur 


ing the change in transmission which ps ecnaused | OS mil of the solution 


The calibration curves have been constructed trom many ditlerent san 


ples of blood obtamed trom different rats and in all cases the slopes have 
\ 

{) LL 

a) 
been similar. This has mh ina irue alsa lerent sampies of thy 


sume stock ol ervthroe tes taken on diflerent dave 

Since the range of this test Is rather narrow, covering general oto 14 
per 0.5 ml. of aleohol, it is necessary to adjust the concentration of an un 
known aleoho!l solution i the extractoon of the cuitun 
so that its concentration will fall within these limit- Thix is clone In 
diluting the alcohol solution with pure 05 per cent alevhol (see Table I 

The ASSaVv Of drv isolated material mav be ace omplished by simply weigh- 
ing outa sample and mg unm detinite olume of al 

For the assay of culture media, 1.0 ml. of a theroughly shaken culture & 
pipetted intoa conieal centntuge tube mil. of per cent alcohol 
are then added. and the tube is shaken vigorously lhis shaking forms 4 
fine suspension of cells in the aleohol ‘Thy extracted lic after 
standing } hour, are centrifuged off Dilutions of this aleohohe extract 


with alcohol are made. and the resulting solution is assaved as previously 


described. 


The number of micrograms of tvrothricin per mil. of the culture may be 
ealeulated by multiplving the number of micrograms read from the calibra- 
fron curve the proper ‘This factor will depend upon the dilution 
ol thy extract | ible viv «cs the dilutions and the corresponding 
factor TO Use L formula as follows: micrograms read < factor tvro- 
thricin per ! of culture 

In order to test the accurs of the method unde conditions used in the 
assay irvine mounts of tvrothricin were added to a fully 

i 
er 
Panne Iti 
« Media by Isolation Procedures 
fer 
4 
a eultire t hve eulture Wiis then tested according to 
the procedure give lable Il gives a summary of the results obtained. 

Isolation Stud Severnl Bacillus brevis cultures were assayed by the 
hemolvtic method as deseribed. The cultures were then extracted with 
alcohol the tvrothri Wis isolated and weighed, The drv isolated 
maternal, when assaved, appeare | to have varving degrees of activity per 


unit of weight (SO to 100 per cent) as compared to the activity of the pure 
tvrothricin standard (Column 3, Table III). The per cent of the tota! 


activity recovered from the culture media is given in Column 4, Table ITI. 


~ 
‘ 


Additional unpublished data mdicate that more activity is recovered when 


the sample of! isolated tvrothricin proaches LOO per cent in activity 

Hi molytic Action of \lixtures of grams TH ard recidine’ 
ot Varving proportions have bene pared, and the hemeal the’ actpons of 
these mixtures as well as the actions of the two pure components nave been 
determined by the colorimetric procedure as desenbed above lhe degre 


of hemols sis reached at the end of 2 minutes 1s verv nearly constant iIrresper. 


tive of the mixture. within the range ot 5 to 35 per cent gcramimodimn ( Tablk 
1\ 
Hemolytic Activity of Various Mizrture G lin and Ture od 

ii 

is ~ 

natural tvrothricin but the results offer assurance that Variati minh compos 


tion natural tvrothricin ne 1 to thy of tte te thant 


A quantitative method, based upon the hemolytic action of t) rothricm 
has been described for the determination of tvrothricin in culture media 

This method maccuruate to within per nt. as che termined by recover" 
experiments, and as little as 100 y of tyrothricin per ml. of culture can be 
measured, 1 mil. ol culture is sullicient tor test PUrpPOSses 


Isolation studies indicate that recent cl tiv vulture 


is obtained by the ordinary extraction procedure - 
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? The two crystalline compounds were separated from the crude tyrothricin and 
were recrystallized several times cording the methocs of and 
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CHANGES INDUCED BY ANEMIA IN Pith: BONE \IARROW 
OF CATS* 


ity KF. 


for Niav 27. 


Phe throughout extrauterine lite is the source of the 
orvthroevtes, the granuloevtes, and the blood platelets, cellular constituents 
of the blood which are vital to mammalian existence. The study otf a 
fatty organ thus actively engaged in the production of important cells 
should present many fundamental problems in lipid chemistry \ review 
1) | the hterature vielded little Information concerning marry lipids. \ 
lew mvestigator have determimed the amounts of total phos- 
pholipid (1, 2, 4-4), and cholesterol (1, 2, 6) in the marrow of different 
animals, but these values differ widely The character of the ratty acids 
found my has been deseribed (‘heng ry Hilditeh and 
Murti (S 

The loss trom marrow hich hematoporetically active. 
as in anemia, is well known. However, there have been no chemical 
investigations of how much tat ts lost and what changes oceur. The 
objects of this work were (a) to determine the qualitative and quantitative 
composition of thy lipicds In nermal marrow to increase the activity 
of the marrow by inducing anemia, and (¢) to determine the resultant 
changes in the marrow \larked quantitative ehanges have been 


obwerved: the <ignifieance of these is discussed 
EXPERIMENTA! 


Source of Alaterrval and Vethod of Sampling —Cats were chosen as the 
ntal ils beentise then long hones eontam iit adequate amount 
of red (active) marrow \dult male cats, weighing between 3 and 5 kilos, 
anesthetized vith ether, the jugulai were severed. and the 
mimals allowed to bleed to death The marrow was removed trom all the 
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anemia. Further evidence (Table IL) of this constancy 1s seen in the 
average phospholipid to cholesterol ratios (normal 7.3; anemic 7.4) and 
m the average ratios of the molar concentrations of choline to phosphorus 
normal O.S7: anemic This constancy indicates that each of the 
lipid fractions is equally important in the building ot blood cells. The 
proballe reason for ther merease in marrow during anemia is that more 
material is needed for the all-out production of blood cells. 

Phospholipid and cholesterol may be incorporated directly imto the 
blawd cells, since these cells have been shown to contaim 500 mg. per cent 
of phospholipid (19) and about 100 mg. per cent of cholesterol (24). Sin- 
clair (25). using elaidie acid, and Hahn and Hevesy (26) using radioactive 
phosphorus have shown that phospholipid is not formed in the red blood 
cell after it has entered the blood stream. These findings seem to 
afford evidence that the phospholipid of marrow is used to build blood 
cells. The similarity of the ratios of phospholipid to cholesterol in normal 
and anemic marrow (average 7) and in red blood cells (average 5) caleu- 
lated from data of Hunter (19) and Erickson ef al. (24) suggests that the 
cholesterol in marrow is also used to build cells. The increase of these 
compounds in marrow during anemia may be attributed to the need for 
the increased production of cells. 

It is interesting to note that bone marrow like such other tissues as 
muscle (27), corpus luteum (28), mammary gland (29), and tumor (30) 


shows an increase in its phospholipid content as the tissue increases in 


\ 
\ 
\ 


bv 


k. F. KRAUSI 


activity. This observation falls in line with the view held by Bloor that 
there is a relationship between the physiological activity of tissues and 
their phospholipid content 

The ratio of free to bound cholesterol in the marrow of normal and anemic 
cats 1s about 2.4 This rath ts like that foun in other tissues, anu indl- 
eates the presence of little cholesterol ester (31 Bloor. Okev. and Corner 
Js and i] iven (30) have shown that the cholest rol ester content varies 
inversely with the phvsiological activity of the organ. In this experiment, 
increased activity of the bone marrow has produced little change in the 
cholesterol ester content 

An examination of Table 1] shows that the averng molar ratios of 
choline to phosphorus in both normal and anemic marrow are about 0.9. 


In other words, the various fractions of phospholipid have increased in 


the same proportion ratio (0.9) of interest because it indieates 
the press large choline phospholipids and COT- 
responding! small amounts of Phe high value ot this ratio ts 
unusual and presents an interesting anon | The assumption has pers 


viously been mac that many ot the variations discovered in the amounts 


of neutral fat, cholesterol, et ire due to the demands ot hematoporesi , 
ind that cert strane’ ¢ phospholipids, re roid! Tas 
ind latelets (33) are per rot ph ors quently, 
according to the hypothesis, it would be expected that cephalin would be 


mobilized and furnished in larger amounts than lecithin to the marrow. 
Such is evidently not the case. However, it is possible that in active hema- 
topoiesis the demands for cephalin are sufheiently acute to reduce the 
amount present in the marrow to the low value observed. 


The small increase of the non saponthable fraction during anemia paral 


lels that of the other lipid fractions. This increase is not due to cholesterol 
slone. Teel other ponent- make ti} «ol this traction (ol 
bout 20 mg. per 10 em. of wet marrow. Little is known about the com 


Position «cl this material, other than that it contains batv! alcohol (34). 
According to the vield obtaimed by Holmes ef al. (34 this aleohol would 
account tor one-half of the cholesterol-tree, non-saponifial le traction. 
Small amounts of vitamim A m also be present in this fraction." The 
possible réle of some substance or substances in the non-saponiliable frac- 
tion of marrow in stimulating this tissue has been shown by Watkins and 
Gitin (35) and later by Marberg and Wiles (36 

Possible Explanation for Lipemia after Hemorrhage—The lipemia after 
acute hemorrhage in man and in animals has been explained in various 
Ways (37 Bloor (38) postulated that there is a displacement ol fat 
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from the blood-torming issues into the blood im a Kreater quantity than 
the normal mechanism can dispose of at once. Our results support this 
explanation in part, since neutral fat is lost Irom marrow during anemia. 
However, the increase of the other lipid fractions in marrow may he 
accounted for hy a mobilization of these materials from othe TISSuCS ty 
marrow via the plasma. Therefore. the hipemia may result from the 
transport of lipids both to and from the marrow during anemia 
Relationship between Water and Fat Red marrow from normal cats \ cas 
lound to contain 35.9 per cent water and 51.6 per cent total lipid. Ip 


anemia the lipid content decreased to 24.5 per cent and the water Content 


inereased to per cent (Table | It is ident that an inverse rela. 
tionship eXIStS hetweoen the wate! and tat content of marrow big In 


view of the large amount of fat in marrow and the changes undergone 
during anemia, it seemed worth while to estimate whether fat is deposited 
in the marrow with an associated quantity of water. If water and lipid 
are calculated as per cent of lipid ree Marrow, any Water associated with 
the lipid would serve to Increase the cal ulated water percentage as the lipad 
increased. Since there was little change in the wate percentages (dry, 
lipid-free basis) with various amounts of lipid, it seems logical to conclude 
that water does not accompany the deposition of the lipid in marrow 


MMARY 


1. In anemia, bone marrow loses total lipid, owing to a reduction in the 
neutral fat fraction. The phospholipid, free fatty acid, cholesterol. and 


cholesterol-free non-saponifiable fractions increase in anemia 
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2. The ratios of free to bound cholesterol, of phospholipid to cholesterol, 


and the molar concentration ot tholine that of phosphorus show me 


significant change during 


4 There neo change in the rodine number or mean molecular 


weight of the ratty acids of during anemia 


The after acute hemorrhage mav be due to the Transport 


at lipids to and trom the marrow. 


of marrow 
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THE INACTIVATION OF TRYPSIN BY ULTRAVIOLET 
RADIATION* 


By FRANK VERBRLGGE 


From the Biophysical Laboratory of the Department of Physics, University of M 


The efliiiencyv of ultraviolet liaht in the inactivation of enzymes has 
heen determined for pepsin |). for urease (2. 4), and at two wave lengths 
for ‘ait quantum \ elas obtained with psin cf. 
from 0.0003 to O.0OL4 molecule per quantum and, in general, increase with 
decreasing ive-length \ similar wave-length response occurs with 
urease (3): the quantum vields varv trom 0.0007 at 2800 A. to 0.009 at LS60 
A. Over the same wave-length range, Kubowitz and Haas (2) report an 
almost constant quantum vield lor trypsin (4) vields of O.OL7 and O.O016 
are reported at 2537 and 2804 A., respectively. 


Different methods have been used to determine the extent of the imae- 


tivation in all these cases. For urease, the production of ammomia (3 
the reate* col production earbon were fol 


hvdrolysis (6 The method of Grassmann and Hevde (7) with benzev! 
Te nile as substrate was used tor trvpsin It is of Interest, theretore. 


to determine whether the nature of the enzvime substrate and the methods 


of determining the extent of mactivation attect the values of th Qua i 
vields obtamed Inactivation of an enzyme molecule by ultraviolet heht 
results from the absorption of quanta by active centers; 1 these centers are 


independent of each other mm their enzyme action, all of them must 
ited ordet produce complete inactivation Of eacn molecule. 
That is, the loss of activitv as measured experimentally will be directly 


propeortioiar te the true extent of the mactivation onlv it the loss of ae 


tivitv at one locus does not affect the aectivitv of the remaiming active 
centers ar ditterent me thos lets the extent of in) 
tivation with several substrates differing in complenity Is essential to 
inswering thi question oO pendence of action. Furthermore, a simi 


larity in wave-length dependence in quantum vields as measured by the 


various methods would tend to support the hypothesis that the active 


* Thi f rt of a dissertation presented to the Faculty of the G 
School ty of Missouri in part ilfilment of the requir nts tor t! 
legree of Doctor of Philosoph 

tNow at Carleton College, Northfield, Minnesota 


INACTIVATION OF TRYPSES 


centers are alike in their action and. therefore, probably alike in then chem. 
ical constitution. 


EXPERIMENTA! 


paration of Trypsin The ervstalline Wite the 
method of Kunitz and Northrop OS It< purity was ch termined by its 


rate of hydrolysis of henzov largiminarn ite The activity co 
0.088. in close agreement with results pre reported 

lbsorption Spe clrum ‘The absorption ik 
termined in M/15 phosphate bufles solution, pH 4.5. The trypsin con 


eontration was 2.5 100° M, based on a molecular we of 6.000 


spectrum is shown in | This agrees with that reported 
At — + — 


2200, 2600 30004 


in the wave-length positions oF the maximum and minimum 
and also mn the value of the molecular extinction coofhorent (SO 00D at the 
position of maximum absorption at 2S00 \. However, « at 2M \ 
has value ot 12.000), in contrast with the reported vahie of 


The molecular extinction cocthoent here defined in the tsu manner, 


where € bs the concentration it liter, ts thee 
through the solution, and / ann are thee incident il light 


Dr. V. Ells in the University oF \ixxouri Spectrographic Laboratory 


\ Hilger medim quartz spectrograph and a Spekke ere used 


© 


thi 
ight 


VERBRUGGE 

Irradiation Technique \ water-cooled capillary mereury vapor lamp 
operating af atmospheric pressure served as the source of the ultraviolet 
eadiation. The crystal quartz monochromator had a Young type of 
mounting, as previously desertbed (4); Its rectangular exit shit had an 
area of 10.08 sq. mm. The intensity of the radiation was measured bv a 
surtace of Vacutm thermaopile with Ag clements, calibrated against 
» United States Bureau of Standards Lamp C-241 \ galvanometer seale 
leflection eft cm represented rey flew 25.2 Cres per second. \ 
rectangu lial cquiartz irradiation cell, 4 10 40 mm., was used tor 
all irradiation trials It was placed directly in front of the thermopile 
face. The solution, at a concentration of 2.5 10° M and ptt 
was stirred continuously by a motor-driven quartz rod during 
wradiation 

The energy absorbed bv the active trypsin in thi <olution Was calculated 
from the vient emergy fuking inte account a Variety of factors ‘These 
neluded reflection and absorption losses by the front tace of the irradiation 
cell, absorption bv the butter medium, and absorption by the Inactivated 
irvpein Sines the concentration of the mactive trvpsin Is continually 
pon mi average tor its absorption Wils ob 

stibstances were used is substrates lor 
the relive irradiated Try pein pons ‘These vere hemoglobin, 
asein. and benzovlargininamide: the last was prepared by Mr. A. D 
MeLaren in the form of its hwdrochlorde (ef. (10 The hemoglobin 
«olution Stim pore brevet t hae Anson (ty). The 
asein solution was prepared from casem (Merck, according to Llanmimar 
ten). kindly furnished by Dr. Mazia of the Department ot Loolog 
Curves representing the relationship between the extent of hydrolysis and 
mnzvme concentration were determined tor each of the substrates tor each 
experrmental method emploved, these curves were used as reference curves 
for determining the extent of the inaetivation of the mradiated trypsin. 

The benzovlargininamide solution was prepared 
at a concentration of Min lo phosphate butter at pil 11.5: 
05 ce thy iryvpesin te ce the substrate solution 
ind the mixture was ineubated for | hour at 35° and pH 7.5. The extent 
of hydrolysis was determined by the method of Crrassmann and Heyde 
7 cf whieh eomsists of a titration of the COMOH liberated 
during hvelrely the titration curried out in a perl aleoholie 
lution. The per cent inactivation was determined by comparison with 
the corres ponding relerenee curve 

with Tot 4 us stibstrate 
vere made by the colorimetric method (6) sod the formol titration method 


Fo the method t it) ine solution Wis diluted 


tiene 
retried 
In order to be al 
directly with th 
vere 
titratl 
hiv! 
metrically un the 
the color 


fpoce ol the if) 
A) at pli 
bring it to pil S.o Lo 
White electrometmen! 
vas added to 
the blank and the torm 
ihe rive 
mi the 
by comparison with the 
or Cuscin is 
mi ol thp 
minutes at pli 7.0 and 
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hae Vie kis for trvpein are higher than those reported tor urenss 
ana The re to be ne direct iat between 
vield and molecular weight, since pepsin and trypsin have comparabk 
molecular weights The vields mnerens vith shorter wave-lengths: the 
mncrense Tol irvpsin Appears Th 17) t hae al 
sorption, and urens« the iecrense ts gradual Phim clifference i- 
probably due to the fact that the absorption munimunm hb much mer 
marked mm the cause of thix that the absorbing regions be 
ecome more nearly distinguishable and differences in quantum efherenes 
will “appear rather sharply 

The quantiim otheencev at 2os, A. w that at A ber and 
\ieLaren obtamed the scare vieki at these two wave le net he 
The difference again appears to be due to the difference in the absorption 
coefficient at 2500 A. for the trypsin samples used. The value of ¢ 
for their trypsin sample was 20000 compared with i 2.0000 for the trypsin 
used im thi present investigation 


The aetivity of the irradiated trevoein decreases as a result 


iradiition Such 4 relation that o Th 
the entire Th sale Thy the af 


exponential mactivation curve rather that the ar 


de rit cot hotherim thearenzvme action and that a 


action does not ile mil tipon the <1ze ol the substrate molecule, 
and with the proterm \ quantum vield of (.012 of 0.024 doe 


not mean, theretore, that only out of SO HM) respectively, 
eflective mn mactivating the tr in coetviation 
riments of at Northrop | show that the 
tive eenters be twents or a comparalle TULL roccur 
in Iirvpsin, the cfhemnev b com thee number of active centers 
is actually much higher than is indicated by the “molecular” quantum 
vield, and approaches the shorter wave length- 

When the trypsin inactivation is measured colorimetrically with hemo- 
globin, a higher quantum ve ld is obtained than with the othe methods 
since this highes vield Is obtamed with the titrate method, 
itis a characteristic of the experi nial method. not of the hemoglobin 
substrate. By means of the Anson colorimetric method the number of 


tyrosine residues present in ov. trichloroacetic acid filtrate is deter: 


mined. This concentration of acid will precipitate both the denatured 


GE! 


hemoglobin ane the larger split-products of hvalrolvsts li one assumes 
that the several active tn thy irvpein molecule stnultaneously 
attack thos susceptible hemoglobin molecule, it fairly 
large TUT prodtuets will result. In the irradiated 
trypsin, however, many of the enzyme molecules have a large percentage 
ol th centers tnacth ated Hivelrolyst of hemoglobin such ik 
molecule will result in larger split fragments, fewer ot which will appear 
im the filtrate \n apparently higher quantum vield will result. 

On the other hand. the degree of trypsin inactivation as measured by 
the same with thy colormmet rie method as with the 
titration method lhix means that verv nearly the same fraction of 
hwalroly ste rats thr trichloroacetic acid filtrate with 
radiated trvpsin as with unirradiated 

\ charnctertsth thy with hemoglobin Is the 
hagchiert vield obtained at 2537 A. by both the colortmetric and the formol 
titration method The signifieance of this result is uncertaim. Of the 
amine acids present in the trypsin molecule, only phenylalanine and cystine 
have absorption thus region: that of evstine Is quite weak. It 
that the of either oft these residues im active form Is 


Phe writer ix indebted to Dr. Fred Mi Uber for his advice and direction 


\n absorption spree trun ervstalline [trypsin hicks obtamed 
and has been compared with the speetrum previously reported. 

2 (Quantum vi kis tor the maectrvation ob trypsin have been measured 
with three substrates. benzovlargininamide, hemoglobin, and casein. 
Measurements were made colorimetrically and by titration for lberated 
grevtipe 

$. Quantum vieldx have been obtained at 239090, 2483, 2537, 2650, and 
INH A The wields at the three shorter wave-lengths are approximately 
twiee as great us at amd 2804 A 

| The quantum vield< as measured by benzoyvlargininamide and casein 
agree and are independent of the method of determination. For hemo- 
globin. the titration method gives results which agree with those with the 
ot bee rates the colormet re method gives values which ure con- 
siderably higher. These results indicate that the Anson colorimetric 
technique is not generally applicable to irradiated enzymes. 

5. The inactivation of trypsin follows a simple exponential curve. From 


this it ix concluded that the active centers in the trypsin molecule are inde- 


pendent in their action 
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LDRENOCORTICOTROPIC HORMONE 


Ry CHOH HAO LI, HERBERT M. EVANS, axon MIRIAM E. SIMPSON 


(4 six hormones’ identified in the anterior hypophvsis, the adrenocorti- 
eotromic is bets! Ale Since the observation of Smith (6), only 
tions have a eared (4-11 hich give methods that may he 
used to secu | lution coneentrated in adrenocorticotropic activity. 
No agreement is found among exe workers as to the chemical nature of 
the hormone In order to establish the biological characteristic of a hor- 
mone een ource such as the pituitary, it must first be isolated 
in pure fo broth mical and tioelogical data. The present 
thewl’ tor the wolation of the adren worticotrople hor- 
il ther netive contagnin ints, and behaves chemi- 


vere | eman eleetme meat grinder with | iter of water. 


| HC) The mixtur vis stirred 


lor then Thiteredd lion The residue was washed in the filtet 
| th procedure Was carrned out at PrOOTH 
lemperatur ccoeding steps were conducted in a cold room at 2-3 

ro the clea wn filtrate and washings, 32 liters of chilled acetone 
ne oon stietion Tite precipitate, 
ot the heotrome and lactogen hormones It mav be stored in 
4 \, ii sof (he ‘| acid scetone powder 


ed with | liter of 0.10 NaoHPO, for 6 hours with 


constan ne and then centrilumed: material remained 
in iter 


* 


HOMMON! 


nulter prolonged centriiugation of this first eNtract, hitered alter 
centrifugation. The residue was reextracted twice with GOO ee. of the 
same solvent for 12 hours each tin Phe residue showed no adrenocort)- 
cotropic or lactogenic activities and was theretore discarded 

The combined extracts were then brought to hall saturatoon of (NETO. 


SO, by the addition of the solid salt. The mixture was allowed to stand 
for 4 hours and then centrifuged. The supernatant was devon! of hor 


monal activities and was discarded 

Ne paration of Lactoge rut ldre nocorticol Ihe The 
INTL precipitate was then dimsolved in about 300 ce. of water and 
dialvzed until salt-free. The dialvzed, insoluble maternal was then centr 
fuged off and discarded. The clear supernatant was made to pil 3.0 with 
iu HCl, and a saturated NaCl solution was added dropwire with mechan 
ial stirring until the concentration of NaCl became 0106 saturated The 
precipitate was then centnfuged and saved tor the molation of the laete 
genic hormone (3) 

4. Ammonia Treatment The 0.0% saturated NaCl solution was next 
brought to 0.50 saturation by the addition of saturated NaCl solution 
After the selution had stood tor 4 to 5 hours, the precipitate was removed 
by centrifugation and the supernatant was divearded. The 0.50 saturated 
NaCl precipitate Was dissolved in about LOO ce. of water and St) ec. of am 
monia isp. 0.00) were added solution CONTAINING 
allowed to stand at room femperature tor te 1D hours: it was then 
poured into 1500 ce. of chilled acetone 5 

The acetone supernatant was decanted and centrituged ott: the precy 
tate was dissolved in water (about 150 ec. of solutron) and dialwged until 
free from acetone and electrolytes 

(NA) SO, Fractionation scorn precipitat appoared dunng t he 
dialysis, it Wits rere belore the addition of an ~aturated 
(NH 4) os de solution to the dialvzed The soluble. O45 saturated 
(NH,).S80, substance had no activity and was removed by centmiugation 
The precipitate Wits dissolved iti of phosphate pil 7.52 
with an ionic strength of 0.10 and the solution was brought to 0.2 saturation 
by the addition of saturated (NTL The 0.2 saturated (NH) SO 
precipitate Was centriituged off and discarded was added until 
the supernatant became 0.4 saturated 

The 0.2 to 0.4 saturated (NTT) preeimtat a= again dissolved im 
butter of pli 7.52 and the (NH ).S0), precipitation repeated two more times 
The insoluble material of the last O14 saturated (NTL) was then 


dissolved in water and dialvged first against water and then buffer af 


pH 7.52. 


i. Heat Treatment The solution atter dialvsem at oli 7 52 wae diluted 


- 
id 


Li. EVANS. AND SIMPSON 


with the buffer until it contamed 0.5 per cent protem and was put into a 
water bath at 100° for 2to 3 hours. There appeared but little coagulum 
during heating and this was removed by filtration or centrifugation. The 
heated solution was next brought to 0.5 saturation with (NH,).S0, and 
the precipitate was carried thrice more through the precipitation with 0.2 
to O.4 saturated (NEH).80,, as given above in step (4). 

Natl Fractionation The final (NH precipitate was dissolved 
in OO ec. of water and then dialwzed until salt-free. Any precipitate that 
appeared on dialysis was removed by centrifugation before the next step. 
The dialyzed solution was brought to pH 3.0 with 1.0 HCl and made 0.06 
caturated with NaCl. The precipitate was centrifuged off and the con 
centration of NaC lin the supernatant increased to 0.25 saturation by adad- 
ing more saturated NaCl solution. This procedure may be repeated until 
the 0.25 saturated NaCl supernatant contains a constant nitrogen content 
after two successive precipitations with 0.25 saturated NaCl. Usually 

Tassie 


Yield in Bach Step in laolation Procedure with 50 Gm. of Acid-Acetone Powder As 
Starting Material 


lsnlation step \ raction \ content 
we teat 

Na HPO, extract 
Dialyzed, soluble matertal of ppt 

0.06 saturated NaCl supernatant 
Dialyzed, soluble material of acetone-NH, ppt 19) 
Heat-soluble material from (NEI,).SO, ppt 
inal Naf ppt ‘adrenocorticot ropic hormone 


only one precipitation was found necessary to obtain the adrenocortico- 
trope hormone im pure form. 

The method has been shown from more than twenty experiments to give 
consistent results in vield and Inological activity. Table | summarizes the 
average vield in terms of nitrogen in each step ot the isolation procedure. 
Itmay be seen that from | kilo of frozen sheep glands approximately 70 
me of the hormone could be iwolated. 


llomogeneity Studies 


Soluiniity The solvent used was a barbital buffer (pH 3.0) containing 
1395“ NaCl Equilibrium was achieved by constant rotation in a cold 
roomats . The results shown in Fig. | indicate that the preparation gives 
a solubility curve indicative of a single component. It may be added that 
no difference in biological activitv was found in the soluble and insoluble 
material in samples containing O.S6 mg. of nitrogen per cc 
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Electrophoresis—Electrophoretic studies, with the moving boundary 
method of Tiselius, were made extensively in the course of the polation 
procedure. The preparation obtained ith each step Was “i ior tts 
electrophoretic behavior as to homogenet, and lound 
that the dialyzed, soluble material of the (Nit, =U), precipitate rom the 
Nae-HPO, extract of acid-acetone powder (see step (4) of the teolation 
procedure) contained five electrophoretically distinet components, which 
are indicated in Fig. 2. As the purification proceeded, the number of com- 
ponents revealed in electrophoresis decreased. 2, a tvimeal pat- 
tern obtained from the fraction before heat treatment (<ee step (o) of the 


+ 
< 
4 
a 
a 
N Pee Cer 
big. I Solubility of mirenocorticotr thee creasing 
quantities of solid phase 


ponent (fast moving) had a mobility of 4.8 X 10°, whereas the slow moving 
one had a mobility of 3.5 &K 10° in phosphate buffer of tonic strength 0.10 
These components were partially separated in the electrophoretic exper 


ments and it was found that the tast moving component had practically 


all of the adrenocorticotropic activity. After the heat treatment, and the 


and the NaCl fractionations, the slow moving component 
appeared as shown in Fig. 2, C 
The adrenocorticotropic hormone has been lens tically 


In seven pil buffers: each experiment indicated that the matenal is a home 


t 


are pres 7 ii big 2 f the dats ut 


ii 


(A) 


> 
pH ptt 7.00 
(c) 
rte phosphate 


7 


thee boumlaries tor 


extract of tte pre 


Ina private communication, Professor Willams 
Sw the value 2.1 * 10°" er. per second 
10.5 CTH. Per second The 


centrifugal 
written follows: “We fire 
dvne. ane tor the value 
potterns are rewing to the 
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combination of sedimentation and diffusion constants gives a 
weight of 20,000 If we assume the protein has a partial spect olume of 
0.75. as is usually done. The actual scale line-<distance curves tor the 
hormone indicate very nicely that the substance must be homogeneous 
or very nearly <«o.”” We are greath indebted to Professor Wilhames and 
his colleagues for these determination 


tl 


Klectrophoretu Vobility of Adre llarmone Butlers ot Thitlerent pil 
of Janic Stre ngth Ot. atts 


oH Kufler 

Phosphate 5.0 
Acetate 0 
4: 
3.15 Barbital 4 
2. (hloride 
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Biological Test kor the study of ics of a hormone, 
is Important to ascertain its freedom from other biologically active con 
taminants. By our present physicochemical methods appreciably lew 
than 1.0 per cent In protemn preparations cannot be detected 
On the other hand, by sensitive bioassavs contaminants present in is little 
as per cent are detected. In the claim tor purity ofa such 
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contamimations cannot be overlooked, even though thev have not altered 
its chief physicochenucal characteristics 

When the hormone in its final form was assayed in hypophysectomized 
male and female rats, it was found that it contained less than 0.10 per cent 
of the follicle-stimulating, the interstitial cell-stimulating, and the thyro- 
tropic hormones. The adrenvcorticot rope hormone inhibits the growth of 
rate and is antagonistic to the growth hormone in hypophysectomized 
rats ;* euch expertiauents and those conducted with adrenalectomized rats 
show that the hormone is freed from the growth hormone. Data for 
urinary nitrogen to be reported by us subsequently are strikingly con- 
firmator, of this conclusion. 

In the acid-acetone powder, the main hormonal contaminant is the 
lactogenic heormean \n important achievement by the method herein 
deseribed is the comph te removal of lactogenic hormone from adrenocorti- 
cotropie preparations. When 20 mg. of the hormone were injected sub- 
cutaneously into month-old squabs for a period of 4 days (3), no crop sac 
reaction occurred, indicating its freedom from lactogenie activity. 

When the method of Burn (14) and a standard preparation of pressor 
principle (pitressin, Parke, Davis and Company » were used, it was found?® 
that the adrenocorticotrope hormone contains 0.04 1.U. per mg. Since the 
nest potent presser preparation has 200 1.0. per mg. (15), it may be stated 
that the presser contamination in the adrenocorticot ropie hormone is less 


than 0.02 per cent 


Hieloacal 


Lhe of a semsitive assay method tor the msolation of a hormone 


hardiv nemix to be emphasized the ditheulties experienced by 
others on securing tighly potent adrenocorticotropic extracts may be 
reckoned the lack of a satisfactory method of S88 \ The methods of 
Moon (0) and of Bates «f al. (10) were not extremely sensitive. The use of 


hypoph <ectomized rats in assay of the hormone have allowed the reliable 
detection of sim ill quantith of hormone ‘This test animal ean he used 
satistactonly either to mamtain or repair the adrenal cortex after atrophy. 
\ detailed account of these methods will be given in a separate paper but a 
brief rapt rritist presented here. 

ldrenal Re The method, based on repair of the adrenals of hypo- 
phvsectorize rats, is as follows: Female rats are hypophvsectomized ut 
2) to 28 days of age: 14 days later the rats are injected intraperitoneally 
ence daily for 4 days, followed by autopsy examination 96 hours after the 
rst injection. The minimum amount of the hormone which gives micro- 


‘[ npublished data of this laboratory 
‘We ry indebted Roelter for these determinations 
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scopically recognizable beginnings in the reqgeair of the adrenals im such rats 
is about 0.02 mg. 

Adrenal Maintenance maimtenance test used m as Male 
rats, 40 days of age, are hypophysectomized and injected daily (except 
Sunday) from the day of operation for 15 days (thirteen inyections). The 
adrenal weight of uninjected hyvpophvsectomized animals regressex during 


Tarte Ill 


Bioassay of Adrenocorticolrapic Hormone in Day ypophysectamized Vale Rats 
(WVaintenance Teast 


Daily dose No. of rats *~ at Vdrenal weight Thymus weight 
1.0 107 0.1 + 
0.20 1S 117.4 5 i+ 0.0" 
0.10 117.9 23+ 1.0 
0.05 25 1186 i954 1.0 
0.02 14 6.62 07 J 
0.00 19 127.5 2.02 0.5 222.4 


* The + values are the etandard deviations 


Taste 
Effect of Adrenocorticotropic Hormone on Hypertrophy of Adrenals in Normal Male Rats 


Six rate were for each eaperiment 


Bods weight 
Onset Autony 

15.0 wr 16 75% 26.5 79.0 
0.0 0 11 6 2.0 


* 1 meg. daily was divided into three intraperitoneal injections at 8 hour periods 


on Saturday, TOL were given snd conn Sunda. t 


this period from about 26 mg. to a constant weight of lL2 mg. The amount 
of hormone which maintains the adrenal at 26 mg. ix about a 0.2 mg. dah 
dose. Table II] shows the effect on adrenal weights of injection of daih 
doses ranging from 0.02 to L.Omge 

The ability of the pure attrenocorticotropic hormone to cause hypertrophy 
of the adrenals in normal male rats ix shown in Table IV" It may be noted 


‘ The effect of the hormone on the body weight and the thymus will be diseussed 


in a later paper. 
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its 
days injection. 
ale Since the effect of the hormone is greatly increased by several instead ot 
pt a single injection in 24 hours, it is necessary to use the same assay method 
he in estimating the potency of each fraction secured in the isolation pro- 
ng cedure. We may state that approximately 10 mg. daily of the acid-acetone 
powder are necded to maintain the adrenal at 26 mg. in the maintenance 
test, whereas only 0.20 mg. of the pure hormone is necessary. 
als 
Some Chemical Characteristics 
, The elementary analysis of a pure sample shows it to contain 46.35 per 
tas cent carbon, 5.80 per cent hydrogen, 15.65 per cent nitrogen, and 2.3 per 
cent sulfur. There is no carbohydrate, phosphorus, or evsteine in the 
\ 
Effect of Trichloroacetic Acid on Actiwity of Adrenocorticotropie Hormone (4 Day 
idrenal Repair Teast” 
Three rate were used for each experiment 
Seolust Total dese \drena! repair 
me 
| Treated hormone 1+, 2+,2 4 
als 0.10 
0.05 
Untreated hormone 0» 3+,3+,24 
| 0.10 1+, 2+,24 
0.05 2+.2+.14 
* The adrenal weights were not significantly increased. 
, hormone. It is very soluble in water and ts only partly precipitated at its 
| woeleetric point (pH 4.6 to 4.7). 
: | In 2.5 per cent trichloroacetic acid solution, the hormone is 85 to 90 per 
_ cent precipitated. The trichloroacetic acid precipitate after being dis- 
xis ~#olved in a solution of pH! 7.5 had lost its biological activity. As shown in 
Table V, the treated hormone contains only about one-tenth of the adreno- 
int corticotropie activity. This characteristic differs from that observed with 
ils the lactogenic and interstitial cell-stimulating hormones (4). 
Stability 
vhs No change in the biological activity of the hormone was observed after 
ted treatment in 10 per cent ammonia solution for 2 days at room temperature. 
When the hormone solution (0.5 per cent protein in buffer of pH 7.5 and 
ae ionic strength 0.10) was immersed in boiling water, its activity remained 


that in 26 day-old rats the adrenal size increased 400 per cent in a period of 
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the same. The stability of the hormone toward heat is extraordinary for» 
protein solution. It may be recalled that both leas inter. 
stitial cell-stimulating hormones are destroved when subjected to th 
temperature of boiling water for | hour (2, 16 

When a 0.2 per cent solution of the hormone in 0.10 Mw Nall was heated 
to 100° for 30 minutes, the adrenocorticotropic activity was almost com. 
pletely destroved but when the hormone was dissolved in 0.1 we LICT and 
kept at boiling temperature for 60 minutes the activity was not apprecialh 
altered. These results are summarized in Table VI 


VI 


NaOH (4 Day Adrenal Repair Tee 


Three rats were used for experiment 


win 
HCl 1.0 2 
- 
0.2 
0.2 
NaOH 2 0 


ifect of Trypan and 


The solvent used for the pepsin experiments was 0.1 wt EEC) and that for 
the trvpsin, phosphate butler pil re The hormonal concentration was 
alwavs 0.40 per cent, while the enzyme concentration Was to 0. ng. pet 
cc. Both the irs psin and employ ed were commercial preparations 
pepsin (Lilly) and irvpsin Pianstich! The t mperatiure of incubation 
was 34° + I”. 

The extent of digestion was determined from the non-protein nitrogen. 
trichloroacetic acid being used as the precipitant. The procedure used was 
essentially that of Northrop (ly ‘To stop the digestion, the solutions were 
put into a boiling water bath for 15 minutes and then cooled immediatel 
After proper dilution had been made, bioassays were made in either the 


hvypophvsectomized male (maintenance test) or female (repair test) rate 


‘{ 


Table VII gives the results of treatment of the hormone with trypsin. 


It may be noted that the 
per 


He 


ws hae nis Ls 
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cent of the hormone had been hydrolyzed. 


nocorticotropic acti Wiis destroved when 
nt of the protein had been digested by trypsin at the end of 15 
no significant diminution of its activity was found 


mince Te si*; 


mtrol weights of the adrenals see Fable il 


Adve noce ic 


TABLE 
uf of € sole pain on 
Viaintenance test* 
ve 
4 
rat 
- 
Oo 
it 
5 


bor the errs 


i ws ig the adrenals Table ltl 


** 


rat \drenal weight 
23.0 
31.3 
15.0 
16.3 
15.2 
5 14.0 
Activity 


Repair test 


\drenal repair 


3+,3+,24 
3+,2+,2+ 
1+,2+,1+ 
i+, 1 +,14 


The effeets of pepsin on the potency of the hormone are shown in Table 


VIEL. The 


data 


obtamed Preeti hoth methods) 


indicate that the 


adrenocorticotropice activity remained unchanged even when a considerable 
part of the protein (46 to 37 per cent) had disappeared as a result of peptic 


digest 


The interpretation of such results will be deferred, as further experiments 


with ervstalline enZv ine preparations nure in Progress. 
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A method has been devised tor the isolation of pure wdrenocort icotropie 
hormone. From electrophoretic, sedimentation, and solubility experi. 
ments, the preparation answers essential criteria for belief that it ix a single 
substance. Biological tests indicate that the hormone ix freed from the 
other anterior hypophyseal hormones 

The molecular weight of the adrenocorticotropic hormone is Approx. 
imately 20,000 and the isoelectric point about 4.7 

The hormone ts very stable at 100° in buffer of pH 7.5 and in O.1 w HO 
solutions, not in Naf It» adrenocorticot ropic ity Is 
destroved by trichloroacetic acid and by irvptic digestion, bout if has 4 
marked stability to peptie digestion (unimpaired when 37 per cent digested 


1. La, C. H., Lyons, W. R., and Evans, M., J. Biol. Chem... 140, 43 (1941 

2. White, A., Bonsnes, R. W., and Long, C. N. H., J. Biol. Chem, 148, 447 (low 
3. Li, C. H., Simpson, M. E., and Evans, H. M., J. Biol. Chem 146, 827 (1942 

1. Li, C. H., Simpson, M. E., and Evans, H. M., Science, 98, 355 (1940): Prndocrinol 


27, 803 (1940); J. Am. Chem. Soc.. 64, WT 

5. Shedlovsky, T., Rothen, A., Greep, R. O., van Dwke, and Chow. 
Science, 92, 188 (1940). 

6. Smith, P. k., Am. J. Anat., 4, 2 (1980 

7. Collip, J. B., Anderson, Ek. M., and Thomson, D. L., Lancet, 2, 447 

s. Lyons, W.R.. Proc. Soc Exp Biol. and Med 3b, O45 (1047 

4 Moon, H. D., Pree. Soc Erp. Biol. and Med., 36, 649 (19007 

10. Bates, R. W., Riddle, O., and Miller, R. A., Endocrinology, 27, 7s) 

ll. Noble, R. L., and Collip, J. B., Endocrinology, 29, G4 (1941 

12. Li, C. H., Simpson, M. E., and Evans, H. M., Science, 96, 450 (1942 

13. Li, C. H., and Fraenkel-Conrat, H., 4. Am. Chem. Soac., 64, 1586 (1942 

14. Burn. J. H.. (uart, J. Pharm. and Pharmacol . 4. Sy (1961 

15. Irving, G. W., Jr., and du Vigneaud, V., Ann. New York Acad. Se, 48, 273 (1903 

16. Simpson, M. E., Li, C. H., and Evans, H. M., Endocrinology. 30, 8 (1942 

17. Northrop, J. H.,/.Gen. Physiol. 16, 41 (19382 


4 
> 
> 
= 
? 
* 


PREPARATION AND PROPERTIES OF PITUITARY 
LDRENOTROPIC HORMONE* 


By GRORGE SAYERS.t ABRAHAM WHITE, ano C. N. H. LONG 


From the Department of Physiological Chemiatry, Yale (University School of 
VWeedicine. Ve Have 


ed for publication, Nay Zi, 1043 


The isolation of a pituitary hormone which speetfically stimulates the 
adrenal cortex is of particular interest at a time when the physiological im- 
portance of thix endocrine gland has been fully recogmzed. Relatively 
little attention has been given to the chemical purification of pituitary 
adrenotropic hormone. Two groups of investigators (1, 2) have prepared 
purified fractions which have been shown to stimulate the adrenals of the 
hypophysectomized rat. The exact physiological potency and the degree 
of purification of these fractions are difficult to assess, although one prep- 
aration was reported (3) to have at least one other type of pituitary activ- 
ity; namely, lactogenic 

In preliminary communications, two groups of investigators (4, 5) have 
reported the isolation of puire adrenot ropiec hormone from pituitary glands. 
The two methods of preparation are distinctly different; in one salt frac- 
tionation is emploved (4), in the other isoelectric precipitation (5). 

This paper presents in detail the method developed (5) for the isolation 
of adrenotropic hormone from pituitary tissue and describes some of its 
properties. 


lsolation of Adrenotropic Hormone 


Fresh, whole, hog pituitary glands have usually been employed in the 
fractionation studies.’ The fractionation steps described are for 1 kilo of 

Step |--Crude prolactin” is prepared as described by Lyons (2) with 
the moctification suggested by White, Bonsnes, and Long (7). Yield, 5 gm. 


* This investigation has been aided*by grants from the Fluid Research Fund of 
Yale University Sehool of Medicine, the Committee on Therapeutic Research, Coun- 
elon Pharmacy and Chemistry, American Medical Association, and the Committee 
on Research in Endocrinology, National Research Council. 

* The data in this paper are taken from a dissertation presented by George Sayers 
as partial fulfilment of the requirements for the degree of Doctor of Philosophy, Yale 
University 

‘Studies have also been conducted starting with fresh, whole, sheep and beef 
pituitary glands. However, purification of fractions from the glands of these two 
species has not as yet been earried to completion The higher concentration of 
adrenot ropic hormone in hog pituitaries (4) led to the temporary concentration of 
efforts on this source of hormone 
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Step The * crude prolactin dissolved m of} mil. of water at pH un 
with the aid of 2 x NaOH and the pi! lowered to 8.0 by the can il ad. 
dition of 0.1 x HCl. The precipitate which torms ts » ml centn.- 
fugation and discarded, ‘The supernatant ts diluted with water toa volume 
of 235 ml. and precipitates appearing on careful adjustment of the pH te 
6.6 and 5.4 (bv addition of HC )) are removed by centmtugation and 
discarded. To the supernatant (at pH 5.4) are added Iy mil. of saturated 
A emall amount of precipitate v lich forms overnight the 


ice box is centrifuged and ‘ lewd te 
the supernatant and the mixture placed in the tee box overmeht. Thy 
precipitate is centrifuged. This Fraction M Yield, 

Step 3 Fraction M is dissolved in 133 ml. of water with the aid of 0 
~ NaOH and the solution mixed with one-half its volume of concentrated 
Ni. The ammoniacal solution bs allowed to star dat 
ture for 7 hours, and 1800 ml. of acetone added bhe pre ite (Fras 
tion is recovered at the centrilug Yield. em 

Step 4——-Fraction ts dissolved in 75 mil. of water and dialvzed against 
repeated changes ol distilled wate until it 
cipitate which forms during dialysis is disearded. The pil the sobution 
1s carefully adjusted with iN hit to al | Dre 


tate. Lowering the pi of the supernatant to Lé precipi enotrom 
hormone. It is washed three times with acetone at the centrifuge and 
dried in vacuo over concentrat lenlfune acid This  Fractiron \ veld. 
100 me. 


Some adrenot ropic activity i the a@ 


the precipitate “at pil 17 bv the addition of acetone to a concentration of 40 
per cent. Yield of precipitate (Fraction 1), 300 mg 


to concentrats d ammonium hydroxide tor hours (Step +) 
not sufhieient to dest ro. presse! principle com) k rations of 
iOr Pressol activity in the cat ol antnimretic activi s) have ale 
been conducted, ‘The data show that mg. of a ienotromic thormone 
hibited a pressor and an antidiuretic activity equivalent to 0.6 uni ol 
pitressin (Parke, Davis and Compan) amount of contamimation 
of posterior lobe principl Indes vers enall, mast ich Tiree sey 


stances having an activity of 20 units per me have been t- ted (9 It 
has been possible to reduc the degree of activity of posts lev rinciple 
in adrenot rope hormone pore bv extending the al 
to concentrated NH,OH (Step 3) to 20 hours trom the us l7 hours. A 


preparation ol the hormone exposed to this rtireatmeni ith ammonia 


? Grateful acknowledgement is made to Dr. L. 8. Goodman of the Department od 


Pharmacology for the pressor assay in the cat 
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showed ne meastirable loss on aetivity, while antidiuretic 
activity was reduced. bmg. of this hormone preparation produced an anti- 
dmiretic respotise equivalent fo of pitressin. 


Physcal and Chemical Prope rties of Adre notro pie Hormone 


Qualitatiwe Tests Fraction A, the purified adrenotropic hormone, gives 
the following positive color renetions, bruiret, Hopkins-Cole, and Millon’s. 
The Moliseh reaction it negative. The labile sulfur test is positive, but 
the nitroprusside reaction for free sulfhwdrvl groups is negative. The 
hormone gives the nitroprusside reaction alter treatment in solution with 
«dium evanide. 

The adrenotropie hormone i readily precipitated from dilute solution 
by 20 per cent sulftosalievlic acid, by 20 per cent trichloroacetic acid, and 
by 5 per cent lead acetate solution. It is apparent that the adrenotropic 
hormone behaves as a protein, 

Elemental Analyss The purntied hormone has been subjected to ele- 
mental analysis” The analyses show O4 per cent ash and the following 
elementary composition (expressed on an ash- and motsture-free basis), 
earbon 50.14, hydrogen 6.23, nitrogen 15.47, and sulfur 2.33 per cent. 

Electrophoretic Studies of Adrenotropic Hormone Electrophoresis — of 
purified adrenotropie hormone, Fraction A, has been conducted in the 
Tiselius apparatus. The apparatus used in this laboratory is equipped with 
the Philpot scanning device. Five electrophoretic experiments have been 
conducted, two at pH 7.05, the others at pH 3.26, 4.13, and 6.37. At all 
pH values studied, the mnitial protein boundary migrated as a single com- 
ponent. Fig. | shows the electrophoretic patterns obtained in two of the 
electrophoresis experiments at pH) values most removed from and on 
either side of the tsoeleetme point. 

The electrophoretic mobilities calculated from the data obtained in the 
Tiselius experiments are plotted against pH in Fig. 2. The isoelectric 
point of adrenotropie hormone is at plL4.7 to 4.8. The value of du/d pH 
‘change in molulitv with pH) for the hormone is 1.5 K 10-* sq. em. per 
second per volt, 

trace uqation of Adre Hormone Sedimentation studies have 
been conducted ina Beams analytical ultracentmfuge arranged for optical 
study in the visible region byw the Toepler schlieren method, as developed 
for the ultracentrifuge by Philpot (10). A 2 per cent solution of the hor- 
mone in | per cent NaCl at pil 7.5 was emploved. The initial protein 
peak present at the start of the experiment sedimented at a uniform rate 
and gave no evidence of a second component during the period of ultra- 
eentrifugation. Values of 2.04, 2.11, and 2.04 were obtained for the sedi- 
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4 Fic. 1. Electrophoretic patterns of adrenotraopie hormone (Fraction A 

protein concentration, LO per cent, phosphate buffer in Natl: tonite «trength., 

pil 7.05; temperature, 4 Photographs of the ascending (left) after 

1D, 185, 25, minutes from bottom te Tenge and ont thee ending 

boundary (right) after 11S, IS6, 284, 287. and minutes protein concentration, 

; 0.8 per cent; acetate buffer in 0.1 w NaCl, ionic strength, 0.2, pil 3.26, temperature, 
: 3°. Photographs of the ascending boundary left) after 0, SD, and 22) minutes and | 


of the descending boundary (right) after 179, 308, and 469 minutes 
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2. Mlect rophoretie mobility of adrenot hormone (Fractnon A} 


mentation constant in three consecutive runs. Fig. 3 shows a typical series 
of photographs obtained in one of these experiments. 
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In thee data the constant. the ~«“dimentation eon 
stant obtamed indicates the protem to have a molecular weight of ap- 
proximately 20000) 


Ve of Assay 


Three methods have been emploved tor the assay of the adrenotropic 
hormone activity of Vartous pituitary preparations. 

Adrenal Hypertrophy of Intact Immature Rat — The procedure ts essentially 
that desenbed by Moon (3), with several modifications, 

21 day-old male rat< were used. A solution of the material to be assaved 
is injected intraperitoneally three times daily for 3 days, the volume of each 
injection bemg 0.25 to O.50 mil. 16 hours after the last injection the ani- 
mals are killed with thumimating gas, and the adrenals dissected carefully 
and weighed to the nearest tenth of a mg. by means ot a torsion balance. 

A unit of adrenotropic activity is defined as the total amount of material 


which, when injected as desenbed, will produce a 50 per cent increase in 


Fie 3. Sedimentation of adrenotropie hormone (Fraction A); photographs by the 
Philpot schlieren method at 40, 100. and 160 minutes, reading from left to right. 


adrenal weight over that of control animals injected with water. Adrenal 
weight is expressed as mg. per 100 gm. of body weight at the beginning of 
the injection period. ‘This precludes the possibility that anv change in body 
weight, occurring during hormone treatment, may influence the results. 

Assay of Adrenotrome Hormone in) Hypophysectomized Rat— Purified 
adrenotropic hormone preparations have been assaved on the basis of their 
ability (@) to repair the atrophied adrenals, and (+) to maintain the adrenals 
of the hypophysectomized rat. 

Re of Adrenals of Hypophyse clomized rats* approximately 
45 days of age are hyvpophysectomized and, beginning on the LOth day after 
hypophysectomy, the material to be assaved is injected intraperitoneally 
three times daily for 3 davs. 16 hours after the last injection the animals 
are killed with Uluminating gas and the adrenals, testes, thyroid, and thy- 
mus weighed accurately on a torsion balance. 

Maintenance of Adrenals of Hypophysectomized Rat — Male rats® approxi- 
mately 45 davs of age are hyvpophvsectomized and, beginning on the Ist 


* From the Breeding and Laboratory Institute, Brooklyn. 
* Sprague Dawley strain 
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dav after hvpophysectomy, are injected intraperttoneally with the material 
to be assaved once daily tor 14 days. 24 hours atter the last injection they 
are killed with tluminating gas and the adrenals, testes, thyvromd, and the. 


mus weighed on a torsion balance. 


Assay Data 


; Assay of Fractions in 21) Day-Old Rats The results of the assay of 
various fractions in the 21 dav-old rat are given in Table |. Desiceated. 


iF whole, hog pituitary powder serves as a reference standard trom which 
to judge the degree of purification of adrenotropie hormone.  Llowever, 
ie a considerable portion of the activity of pituitary tissue as measured by 
' the increase in size of the adrenals of the intact immature rat mav be 
t due to non-adrenotropic factors. From data to be disscussed, it will be 
t evident that posterior lobe principles are fraction contaminants that con- 
| Taste 
Assay of Adrenotropic Hormone Preparations in 21 Day Old Rat 
Desiccated whole hog pituitaries 35 
Adrenotropic preparation from hog pituitaries” 5 
Adrenotropic preparation from sheep piturtaries* 1S 5 
Fractions M and N (hog) 21 4 
Fraction A (hog) 5 
t * Made according to Li, Simpson, and Evans (4). 
| 
tribute to the hypertrophy of the adrenals of this animal. Thyrotropie 
hormone, by stimulating the thyroid, would also contribute to this hyper- 
trophy (11). Caution, therefore, must be exercised in judging absolute 
. increases in potency of relatively pure fractions over the original standard 
pi powder. Approximately 35 mg. of the desiccated, whole, hog pituitary 
powder represent | adrenotropic unit. 
E Purified adrenotropic hormone made according to the directions of Li, 


Simpson, and Evans (4) is approximately 7 times more potent than desie- 
‘ated pituitary tissue when assaved in the 21 day-old rat. From Table I 
it can be seen that there is no difference between preparations made from 


hog and from sheep pituitaries. | adrenotropic unit is represented by 5.0 


if . mg. of the Li, Simpson, and Evans preparation, 
Fractions M, N, and A do not differ in their abilitv to cause adrenal 
: 1 unit of adrenotropic hormone is represented by 5.0 mg. 
| 


hypertrophy. 
of each of these fractions; this is a potency equal to that of the preparation | 
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described by Li, Simpson, and Evans (4) and claimed by these investiga- 
tors to be the pure adrenotropic hormone. Fractions M and N differ from 
one another only in that the latter is much less contaminated with posterior 
lobe Iples 

There is no evidence of a species difference in adrenotropic activity when 
comparisons are made among fractions obtaine | from beet, sheep, and hog 
pituitary tissue. The absence of an apparent increase in potency by fur- 
ther fractionation of Fraction N in order to isolate the final adrenot ropic 
product, Fraction A, must mean that the impurities in Fraction N are 
already so small in quantity as to be non-detectable by this assay method. 
It mist\ he noted here that assavs in the ik pop sectomized rat. to he dis- 
cussed later, suggest that preparations of Fraction N have some growth 
hormone activity. 

It should be emphasized that assay ol adrenotropie hormone in the 21 
day-old rat is not righilvy speci Adrenal stimulation by factors other 
than adrenotropie hormone, ¢.¢ posteriol lobe principles, is possible he- 
eause of the presence of the antmal’s pituitary. The assay Is technically 
simple, me juires a relatively short time, and has been very useful in the 
present ms it the fractionation adrenotropic hormone. 

Results of Assay of Adrenotropic Pr parations wn Hypophy- 
wctomized Rat. Repair of Adrenals Fractions N, A, and B have been as- 
sayed by the method based upon the repair of the atrophied adrenals of 
the hypophysectomized rat. The data are shown In Table Il. Fractions 
X and B exhibit growth-promoting activity. The changes in body growth 
suggest that growth hormone is not precipitated at pH 4.7, but remains in 
the supernatant solution; a purification has therefore been attained in pre- 
paring Fraction A from Fraction N. This purification is not clearly evi- 
dent ax an increase in adrenotropic activity, since Fractions N and A both 
produce the same amount of adrenal hypert rophy. It may be added that 
no significant changes were seen in the weight of the thymus, thyroid, or 
testes of anv of th treated animals w ith the possible exception of a slight 
increase in the weight of the testes of animals administered Fraction B. 

From the results it is evident that adequate amounts of preparations of 
potent adrenotropic hormone can repair the atrophied adrenals of the hypo- 
physectomized rat in the short space of 3 days. 

Maintenance of Adrenals— Assay results in the hypophysectomized rat by 


the maintenance method are shown in Table III. 

The weights of the adrenals of the hypophysectomized rats given Frac- 
tion A, the purified adrenotropic hormone, in doses of 100, 50, 25, 12.5, 
10, and 5 y per day are significantly greater than those of hypophysecto- 
mized controls. At a daily dose level of 2 y the weight of the adrenals is not 
significantly greater than the control values. Actual hypertrophy, t.e. in- 
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crease in adrenal weight above that of the glands ol normal mtact controls, 
was definite at a dose level of 100 y per day in the Brooklyn animals but not 
in the Sprague-Dawley rats. Evidence of hypersecretion in this latter 
strain was seen from the beginning thymic involution at thix dose level 
of hormone. The better response of the Brooklwn rats may be accounted 
for by the relatively greater dose they receive per unit of body weight. 
These animals at the age of 45 davs weigh about 35 per cent less than 
Sprague-Dawley animals of the same age. 

There appears to be a wide difference between the diuly dosage of hor. 
mone which prevents adrenal atrophy and that necessary to produce actual 


Il 


Assay of Adrenotropic mone fer ily itt ypoph fomtzed Kat 
Ly Repair Method 
values:? 


comparicon betwee 
Paired adrenal mopetted aad 


control 
Cont rote 
Non-hypophysec - 
tomized controls 7320.9 
Hypophysectomized 
controls. 7 —2+1.7 96207 
Fraction N 5 5 +3404 002 8642423 <001 06 
A 5 ~4+29 <0.01 0.6 
B 3 14.2242 1.4 0.1 


* Means and standard errors. 

t P values for body weight; calculated for small series (12). Comparison between 
hypophysectomized controls and injected animals 

t P values for adrenal weight 


adrenal hypertrophy. This range extends from approximately 12.5 to 
50 y. This must mean that only a small amount of hormone is required 
to maintain the adrenals, while a relatively large amount is necessary to 
produce hypertrophy. The minimum effective daily dose for maintenance 
of adrenal weight in the hyvpophvsectomized rat is 25.4. Although the re 
sults suggest that the daily injection of 12.5 y may actually be adequate 
under the conditions of assay, the data are as vet too few to warrant de 
scribing the hormone as definitely effective at this dose level 

Fraction B is less potent than Fraction A in maintaining the adrenak 
of the hypophysectomized rat. From Table III], Fraction B may be este 
mated to be about one-half as potent as Fraction A. This agrees with the 
experimental results obtained in the repair method of assav (Table ID 
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In view of the presence of traces of postenor lobe principles in fractions 
of purified adrenotropic hormone discussed previously, two posterior lobe 
preparations, pitressin (Parke, Davis and Company) and pars neuralis 
hormone (13),° were assaved by this method. These substances do not 
prevent the atrophy of the adrenal cortex of the hypophysectomized rat 
‘Table I1}). From Table IIT it can also be seen that purified prolactin 


Taste Ill 
lesay of ldre notropic Hormone Aetu ity in Hypoph tomized Rat hy 
Maintenance Method 
P values,? comparison 


between iniected 


and 


No. of Parred adrena! 
Preparation Daily dose weight per 100 em . 
weight.* Hypephy Non-hypo- 
controls 
Non-hypophysectomized 
controls 7.t+0.9 
Hypophysectomized 
controls + 0.5 
Fraction A ISS +07 0.01 0.2 
6 16.4 + 0.6 <0.01 0.6 
23 20.7 + 2.58 <0.01 0.2 
7.5 + 2.0 <0.01 
2.5 3 17.0 + 0.5 <0.01 1.0 
3 14.7 +0.8 <0.01 0.2 
5 5 14.2+0.9 <0.01 0.1 
4 4 11.5 + 0.8 0.3 <0.01 
7 156.7 + 0.6 <0.01 0.3 
Pars nvuralis hormone 2 1.7 + 1.1 0.3 0.05 
Pitressin (Parke, Davis) 5 0.2 <0.01 
Prolactin 25 5 10.4+ 0.5 LO <0.01 


* Means and standard errors. 
*t P values for adrenal weight; calculated for small series (12). 
$ From the Breeding and Laboratory Institute, Brooklyn. 


did not prevent adrenal atrophy. This method of assay appears to be 
specific for adrenotropic hormone. 

The body weights (not included in Table III) of the injected animals 
showed no increase in any of the experiments, indicating the absence of 
growth hormone activity in the preparations at the dose levels employed. 
No alterations in weight of the thyroid or testes were seen in the injected 


* Kindly supplied by Dr. H. B. van Dyke. 
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animals. Moreover, when assayed for lactogenic hormone im the pigeon, 
preparations ot highly active adrenotropic hormone failed to produce 4 
positive crop gland response in a total dose of 10 mg. 0.1 mg. of purified 
prolactin stimulates a response under similar conditions 


DISCUSSION 


Metabolic studies with crude extracts have created considerable confusion 
regarding the exact number of hormones produced by the anterior pituitary, 
tepetition of these studies with pure hormones will be expected to clarify 
existing knowledge of pituitary physiology. The physiological approach 
to an accurate understanding of the anterior pituitary ts contingent upon 
the availability of as many as possible of the gland secretions in a chemically 
pure form. It will indeed be striking to study the metabolism of the hvpo- 
physectomized animal treated with one or a combination of the tsolated and 
purified pituitary hormones. 

The following hormones of the antenor pitultary may now be considered 
to have been isolated in a form which satosties the accepted criteria of homo- 
geneity, prolactin (7, 14, 15), luteinizing hormone (16), and adrenotropie 
hormone (4,5). In addition, reports indicate that a high degree of purity 
has been attained for the thyrotropic hormone (17) and for the growth hor- 
mone (18). Claims for the existence of additional *‘metabolic’’ hormones 
will require reexamination in the light of data to be obtained with the 
purified preparations of adrenotropic, thyrotropic, lactogenic, and growth 
hormones available at present. 

Although the pure adrenotropic preparation which has been examined in 
some detail in the present study has been obtained from hog pituitary 
glands, highly purified fractions of adrenotropic hormone have also been 
obtained from bovine and sheep pituitaries. Preliminary studies of these 
preparations suggest that they are similar to, if not identical with, the prod- 
uct obtained from hog glands. This observation has been supported by 
personal conversations with Dr. C. H. Li who has stated that the pure 
adrenotropic hormone prepared from sheep glands (4) has many properties 
identical with those reported here for the hormone obtained from hog 
pituitaries. These properties include biological activity, nitrogen content, 
isoelectric point, and sedimentation constant. It may be noted that the 
isoelectric point found for adrenotropic hormone is considerably different 
from that of pH 6.6 to 6.8, formerly assumed to be correct (2). 

Although the assay data for adrenotropic hormone are based upon altera- 
tions in adrenal size, it has also been established in this laboratory that the 
hormone stimulates the functional activity of the adrenal cortex. Thi 
activity is manifested by changes in cholesterol concentration of the ad- 
renals of rats injected with adrenotropic hormone (19) and in the amount 
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and distribution of lipid in the adrenal cortices of these animals.’ In 
fact, 25 y of pure adrenotropic hormone administered daily to the hypo- 
physectomized rat are sufficient to maintain not only normal adrenal size 
but also the normal concentration of cholesterol and lipid in the adrenals. 


StMMARY 


1. A method has been deseribed for the preparation of pure adrenotropic 
hormone from pituitary tissue. The product has the properties of « 
protein. 

2. The hormone preparation fulfils two eriterta for protein purity ; it 
behaves as a single component in the Tiselrus apparatus and in the ultra- 
centrifuge. 

3. The isoelectme pomt of adrenotropic hormone, as determined by 
electrophoresis, is between pil 4.7 and 4.8. The sedimentation constant 
of the hormone, So = 2.04 to 2.11. indicates the molecular weight to be 
approximately 20,000. 

4. Under the conditions of assay used, a total dose of 5 mg. of the hor- 
mone is adequate for the complete restoration of adrenal weight in the 
rat 10 davs after hvpophvsectomy. A daily dose of 25 y ot the hormone 
completely maintaims size and function of the adrenals of the hyvpophy- 
sectomized rat when injections are begun the Ist day after hvpophvsectomy. 
5 y daily produce a definitely measurable adrenal-stimulating effect, while 
a daily dose of 2 y fails to elicit a detectable response. 

5. Under the conditions of bioassay emploved, the adrenotropic hormone 
preparation exhibits none of the following anterior pituitary hormonal 
activities, growth, gonadotropic, thvrotropic, or lactogenic. 
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SPECTROPHOTOMETRIC STUDIES 


XI. THE DIRECT MICRO SPECTROPHOTOMETRIC DETERMINATION 
OF CYTOCHROME C* 


By OTTO ROSENTHAL anno DAVID L. DRABKIN 


‘From the Harrison Department of Surgical Research and the Department of Physiolog- 
jcal Chemistry, School of Medicine, University of Pennsylvania, Philadelphia) 


Received for pubheation, May 13, 1943) 


We have undertaken to secure more extensive information on the dis- 
tribution and concentration of cytochrome ¢ in normal and neoplastic 
mammalian tissues.’ A prerequisite was the development of a relatively 
simple procedure for the quantitative determination of the pigment in small 
amounts of material, such as those obtainable from the organs of rats or 
from the surgical clinic. The method, which will be deseribed, consists of 
two main steps. ‘The evtochrome c¢ is isolated from the tissue samples, 
and obtained in solution tree from interfering pigments such as hemoglobin. 
It is then determined as ferrocytochrome ¢ (the pigment reduced with 
Na.0,) by means of direct spectrophotometry. 

The isolation of the pigment is accomplished by material modifications 
in and simplification of the procedure of Fujita, Hata, Numata, and Aji- 
saka (2). In agreement with the findings of Potter and DuBois (3) the 
original method of the Japanese workers has been found unnecessarily 
tedious and unreliable with reference to the completeness of recovery of 
cytochrome ¢. The point of principal weakness in the method proved to 
be the use of successive precipitations by means of acetone, which does not 
accomplish the desired concentration of the pigment and is productive of 
losses. Precipitation with trichloroacetic acid has been substituted, with 
resulting satisfactory recovery of added eytochrome c. 

Spectrophotometry is carried out by means of a new adaptation in tech- 
nique which permits the analvsis of a small volume of solution contained 
in a deep cuvette of capillary bore. By this micro spectrophotometric 
means ferrocytochrome ¢ can be determined in appreciably smaller amounts 
of tissue than hitherto possible when direct methods of analysis were uti- 
lized. The method is applicable to tissue samples varying in wet (fresh) 
weight from 0.2 to 20 gm., depending upon their cytochrome c content 
which varies in the corresponding order of approximately 300 y per gm. to 


* The expenses of this work were defrayed in part by grants from the Penn Mutual 
Life Insurance Company Foundation for the Study of Neoplastic Diseases and from 
the George de Benneville Keim Fund. 

' Preliminary reports have appeared (1). 
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| to 2 y per gm. The method possesses advantages of simplicity and 
directness over procedures which involve the preparation of tresh enzyme 
extracts for each set of determinations (3, 4), and which require indirect 
methods of analvsis (determination before and after reduction). 


A nalytical Procedures 


('ollection of Tissues —The organs ol freshly killed animals or human 
organs or tissues after their surgical removal were collected in ice-cooled 
jars and stored in a refrigerator until used. Extraction was usually per- 
formed within 6 hours of the collection of the tissue. When extraction 
could not be carried out upon the same day, the jars were kept in the freez- 
ing compartment overnight. Analyses indicated that storage for several 
days in the frozen state did not alter the amount of evtochrome c¢ recovered. 
This circumstance is useful, since other analyses performed upon aliquots 
of the same tissue,? had to be carried out promptly, and occasionally re- 
quired brief postponement of the eytochrome c isolation. 

Isolation of Cytochrome c—The procedure, which is the outcome of testing 
several variations in technique, may be conveniently presented as consist- 
ing of three steps. A full description is provided, since certain tissues were 
found to require minor modifications in treatment appropriate to them- 
selves, and complete recovery of the evtochrome ¢ depends upon faithful 
attention to details. 

1. Extraction of Tissues— The tissues are minced finely with scissors and 
the mince thoroughly mixed. Mucous tissues are first rinsed with Ringer's 
solution and drained on filter paper to remove surface mucus. Brain 
mashed and mixed by means of a stainless steel micro spatula. After with- 
drawal of samples for the determination of dry weight and for other analyt- 
ical procedures,’ a weighed amount of the mince is ground in a mortar with 
powdered Pyrex glass. When the amount of mince does not exceed 1 gm., 
the weighing is most conveniently carried out on a microscopic cover-glass, 
which is then ground together with the mince. 

The mince is thoroughly mixed and ground successively with the follow- 
ing per gm. of mince: 0.25 ml. of distilled water, 1.25 ml. of 0.5 mw HSO, 
and 0.5 ml. of 2“ NH,OH. By these means a fluid mixture is obtained, 
and its total volume is taken as 3 times the weight of the mince. The 
mixture is allowed to stand with occasional stirring in the covered mortar 
for a period of 15 minutes. This is the usual extraction procedure, and 
is essentially that emploved y Fujita ef al. (2). However, as will be 
pointed out, occasionally greater tissue dilutions are required. The extract 
is now centrifuged for 15 minutes at 4500 kr P.M. in a Swedish angle cen- 
trifuge, vielding a usually somewhat turbid supernatant fluid. The latter 


? Rosenthal, O., and Drabkin, D. L., unpublished data, manuscript in preparation. 
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is transferred to a graduated cylinder, and the volume measured and re- 
corded. The volume recovered approximates 60 to 70 per cent of that of 
the original mixture, and is therefore considered to represent an equivalent 
percentage of the original tissue weight. 

2. Removal of Hemoglobin--To the extract in the graduated cylinder is 
added an equal volume of an (NH,).80, solution, containing 0.5 gm. of the 
salt per ml. The cylinder is stoppered, and immersed in a water bath at 
56° for a period of 15 minutes. Under these conditions the cytochrome c 
and some spectroscopically inert proteins remain completely soluble, while 
the flocculation of other proteins including hemoglobin starts immediately 
and progresses during the period of heating. As a rule a bulky, reddish 
top layer and a more compact bottom sediment separate. Although the 
precipitate may be removed promptly by filtration through a Whatman 
No. 40 filter after the evlinder is cooled, it is safer to refrigerate the mix- 
ture for several hours or, preferably, overnight before filtration. This 
insures a complete separation of precipitate and mother liquor. Certain 
tissues, such as the salivary glands, vield especially bulky precipitates. 
In such cases filtration is preceded by centrifugation. Omission of cen- 
trifuging results in extremely slow filtration, which leads to losses in cyto- 
chrome c presumably due to the adsorption of the pment on the clogged 
filter. Centrifuging alone is insufficient, since the lighter particles are not 
completely removed. At this stage if desirable the filtrate may be kept 
without deterioration for several days in the refrigerator. 

3. Precipitation of Cytochrome c—The whole filtrate or a suitable aliquot 
thereof is transferred to a graduated “heavy duty” type of centrifuge tube.* 
1 ml. of 90 per cent trichloroacetic acid is added per 10 ml. of filtrate (3), 
and the solution mixed with a stirring rod and refrigerated for a period of 
30 minutes. Longer refrigeration is permissible. Ordinarily flocculation 
occurs within 30 minutes after the addition of the acid, and the mother 
liquor appears clear. If the latter remains turbid, sedimentation is prob- 
ably incomplete. Under such circumstances 0.5 gm. of (NH,4).SO, per 10 
mil. of initial filtrate is added, and the addition of this quantity of salt is 
repeated until complete precipitation of the cytochrome c-containing mate- 
nal is accomplished. An unnecessary excess of salt should be avoided, 
since in solutions of high density the precipitate will rise to the surface and 
its separation by centrifuging will be delayed. 

When the precipitation appears to be complete, the stirrer is rinsed with 


* Por high speed centrifuging (3500 to 4500 &.p.m.) in an angle centrifuge, ignition 
tubes (Pyrex, 16 X 125 mm. and 18 < 150 mm., with a capacity respectively of 12 and 
22 ml.) have been found excellent. Such tubes after calibration have been used by 
us for all operations which did not involve measurement of the collected filtrate and 
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saturated (NH,).SO, solution and the tube centrifuged at 3500 to 4500 
n.P.M. for 30 minutes. The supernatant fluid is now separated into another 
centrifuge tube and checked for turbidity. After decantation of the super- 
natant fluid the tubes (containing the precipitate) are inverted upon filter 
paper and allowed to drain. The sediment is then brought into solution 
by stirring with 1 wm NaOH, added drop by drop from a semimicro burette, 
Usually 0.25 ml. of the base is required.‘ A small amount of insoluble 
material (probably denatured protein) remains. The solution is brought 
to a suitable volume of the order of 1 to 1.5 ml. by the addition of distilled 
water, or with sufficient 1 a HCl to make the final concentration in OH 
approximately 0.2 m. After removal of the insoluble material by a brief 
centrifugation, the solution is ready for spectrophotometry. 

In tissues low in cytochrome c which require the extraction of 5 gm. or 
more of tissue, the volume of filtrate obtained is greater than 15 ml. Under 
such conditions the precipitation is accomplished in several centrifuge 
tubes. The sediments are dissolved as above, quantitatively combined, 
and brought to a total volume of the order of 3 to 5 ml. Insoluble matter 
is removed by centrifuging and the volume of supernatant fluid measured. 
The solution is acidified to pH approximately 4 with 2.5 m and 0.1 w HCl, 
with hexamethoxy red® as the indicator. (If interruption of analysis is 
desired for convenience, the acidified solution may be stored in the refrigera- 
tor for several days.) The cytochrome c is then reprecipitated by the 
addition of trichloroacetic acid as described above. By this means the 
cytochrome c which is recovered from as much as 20 gm. of fresh tissue can 
be concentrated to a volume of | ml. 

Micro Spectrophotometric Determination of Ferrocytochrome c—The 
Bausch and Lomb polarization spectrophotometer (6) has been adapted 
to the analysis of small volumes of solution in a technique which may be 
designated as micro spectrophotometry. The usual Bausch and Lomb 
cuvette of 1 em. depth employed for hemoglobin studies has an internal 
diameter of 1.7 cm. and a capacity of 2.3 ml. This has been replaced by a 
cuvette of 0.47 cm. capillary bore and 3.4 cm. depth, whose capacity ts 
0.59 ml. It is obvious that only one-fourth the volume of solution required 
for the 1 em. chamber is sufficient to fill the special 3.4 em. cuvette. The 
factors of capacity and depth operate together to increase sensitivity ap- 


‘ In the rare instances in which some turbidity remains in the decanted supernatant 
fluid, it is treated with (NH,),SO, and centrifuged. The sediment i« dissolved in! 
m NaOH, and this solution is used for dissolving the main sediment. 

Hexamethoxy red, 2,4,2’, 4,2”, 4” -hexamethoxytriphenylearbinol (5), is conven- 
ient in this operation, since it is unique in changing from colorless to red on the 
acid side of pH 4.6. The indicator was kindly supplied by Dr. H. Lund. Al 
per cent solution in aleohol was employed. Since spectrophotometry is carried out 
upon alkaline solutions, the presence of the indicator offers no interference. 
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proximately I4-fold (4 X 3.4). Thus, solutions may be kept low in vol- 
ume, thereby permitting the preparation of more concentrated extracts 
from small amounts of tissue, and the small volumes may be examined in a 
relatively deep layer. 

The entrance pupils of the polarization photometer (K6nig-Martens 
type) of the Bausch and Lomb instrument have a diameter of 0.8 em., 
nearly 2 times that of the capillary cuvette. The adaptation of the cuvette 
to the photometer was accomplished by the use of an iris diaphragm as a 


VARIABLE APERTURE. SET TO 
MATCH EXTINCTION A} WAVE-LENGTH 
OF — ABSORPTION 


SECTION THROUGH DIAPHRAGM 


Jasem 


SECTION THROUGH 

ENT E PUPILS 

END OF A “MARTENS 
PHOTOMETER 


LONGITUDINAL SECTION 
THROUGH CUVETTE 
OF CAPILLARY BORE 


(ORAWN TO SCALE) 


Fic. |) Anexact diagrammatic representation of the alignment of the photometer, 
capillary cuvette, and diaphragm 


balancing device in front of one of the entrance pupils. The diaphragm 
and cuvette are aligned between the lenses which collimate the parallel 
beams of light and the photometer, as close to the latter as possible. The 
arrangement ix shown in Fig. |, a longitudinal section drawn exactly to 
scale. The diaphragm serves as a variable aperture, and is set to match 
extinction at the wave-length of minimal absorption for the particular 
pigment studied. In the case of ferrocytochrome c this adjustment is 
made at a wave-length of 630 mu at which clear solutions of the pigment in 
the range of concentrations used have very little absorption (7). The 
photometer ix set to read 43.0° (45.0° corresponding to 100 per cent trans- 
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mission), and the iris aperture is then adjusted so that the two optical fields 
match. This procedure effectively balances out inequalities of optical 
aperture in the two pathways of light, and to some extent also corrects for 
turbidity. After coincident setting at a wave-length of 630 my, spectro- 
photometry is carried out in the usual manner, with a spectral interval of 
1.5 to 2.0 my, at wave-lengths of 550 my (maximum of the a-band), 535 my 
(minimum between the a- and 8-bands), and 520 my (maximum of the 
8-band). In the calculation of concentration the extinctions or optical 
densities (D = — log transmission) at only wave-lengths of 550 and 535 
my and the ratios of the two extinction values to each other are employed, 
The absorption constants, € (c = 1 mm» per liter,d = 1 em.), used are at 
these wave-lengths respectively 29.28 and 9.45, with their ratio equal to 
3.10. These values have been obtained under the conditions of measure- 
ment which apply in the capillary cuvette for a 0.2 am NaOH solution of a 
purified preparation of ferrocytochrome c, whose constants have been 
established previously upon an iron basis, with the usual 1 em. cuvette 
(7). The molecular weight magnitude of reference is 13,000, referred to 
pure cytochrome c with an iron content of 0.43 per cent (8). 

The calibration of cuvette depth was carried out by direct comparison 
of extinction values obtained upon a solution of oxvhemoglobin in the new 
cuvette and in one of established 1 cm. depth. The reduction of cyto- 
chrome c to its ferro form was accomplished by means of solid dithionite, 
NaS.O,, approximately 0.1 mg. being added per ml. of solution. The 
reduced solution was transferred-to the capillary cuvette by means of a 
medicine dropper with the tip drawn out into a fine capillary. Bubbles 
were avoided by placing the filled capillary dropper deeply in the cuvette, 
and withdrawing slowly during the act of emptying. 


Comments 


Extraction of Cytochrome c--When amounts of tissue smaller than 2 gm. 
were used, or with viscous tissues such as salivary glands or brain, it was 
found that larger volumes of extracting agents than those recommended 
by Fujita et al. (2) are necessary to insure recovery of a sufficient aliquot 
of the extract. In these instances the extracting agents—water, 0.5 M 
H.SO,, and 2 m NH,OH (step (1), under analytical procedures)—were 
increased proportionately so that their ratios to the total volume of mix 
ture remained unaltered. Under such conditions only one alteration was 
encountered. The pH of the more dilute extracts approaches 1.65 in 
comparison with approximately 2.5 in the more general procedure. This 
change in pH is not critical. An examination of Table I indicates that the 
degree of dilution of the mince is without influence upon the results in the 
case of all tissues listed except perhaps liver. Duplicate analyses are in 
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general within the range of error (+5 per cent) of measurement in the 
graduated glassware used in the analytical procedure (Experiments 1 and 
6, Table 1). 

Precipitation of Pigment—In our method of precipitating cytochrome c 
from the filtrates trichloroacetic acid is added to a final concentration of 8 
per cent as in the method of Potter and DuBois (3). The extracts, pre- 

under our conditions, already contain approximately 25 per cent of 
(NH,)S0O,. Even this concentration of salt is insufficient in some cases 
for complete precipitation, so that more (N H,).S8O, must be added (Experi- 
ment 5, Table II). Potter and DuBois (3) have reported that evtochrome 


Taste I 
Reproducibility of Analyses under Various Conditions of Dilution of Tissue Mince 


weight | Per cent 
l Liver Rat A 1:3.15 477 44 
B 1:3.20 496 
2 Rabbit A 1:3.03 201 ” 
B 1:6.00 153 
3. Submaxillary glands Rat A 1:3.17 396 41) 
| B 1:6.04 | 439 
4 | Brain cortex Rabbit A 1:3.02 304 4] 
B 1:6.00 308 
5 Kidney cortex Pig A 1:3.10 | 259 49 
B 1:55.96 
6 Man A 1:3.00 35.4 
B 1:3.50 35.1 | y 


* Samples A and B are from the same mince. 
emay be precipitated quantitatively from their dilute preparations of the 
pigment by the addition of trichloroacetic acid alone. This apparent dis- 
crepancy appears to be explainable by the fact that our filtrates are pre- 
pared differently. They may be freer of non-cytochrome c proteins than 
the filtrates employed by the Wisconsin investigators. This was suggested 


by unsuccessful attempts to precipitate quantitatively cytochrome ec by 
the addition of trichloroacetic acid alone to solutions of the purified pig- 


* In our method of preparing filtrates, hemoglobin, certain other proteins, and fats 
are removed in a single step at acid pH when (NH,),SO, is added to a concentration 
of approximately 25 percent. In the method of Potter and DuBois (3) in most cases 
obin is not removed, although certain other proteins are removed at neutral 
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ment, free of (NH,)8O0,. Complete precipitation could be accomplished, 
however, by means of both trichloroacetic acid and (N H,).80, (Experiment 


4 
7 
Recovery of Added Cytochrome c under Different Conditions nd 
No. of of total 7 centration® | Be ol 
cytochrome ¢ | of | 
Experi- Materia! to which ith before = of ton m 
ment Tissue cytochrome c is tri- ai 7 tote. 
No added chloro |. m 
SE 33 | 28 | 37 
: (NH,).80,. 1 19.3 0.35§ 128.5128.5 101 di 
257 | th 
2 (NH,)380,, 19.3 O35 
25%, + di- 
astase of 
3 Liver (rabbit) Filtrate!) + di- 17.8 02 137.0142.7 Al 
astase co 
4 (rat) Original ex 48.4 M.4161.0 & pr 
tract 
5 | Oxalated 1 20.4 O.15 127.5127.5 
blood (dog) pr 
Kidney cortex 19.3 67.9128.8 165 
(rabbit) | th. 
7a** Submaxillary Mince ev 
gland (rat) 
Kidney cortex “ 2 S.4 2B.30.25tt 20.2 44.9 15 
(man) 
Rectal carci- 2 5.46 38.20.2007110.8122.1 
noma (man) 


10 Lung (rat) 2 7.44 41.40.15t¢ 94.9112.6 


* The concentration of the solution used for spectrophotometry. 

t In 1:3 initial dilutions of the mince, 1 mil. of filtrate is equivalent to 0.167 gm 
of fresh tissue. 

t Solutions of purified cytochrome c. 

§ No precipitation occurred before the further addition of (NII,).380, 

| Turbid filtrate. 

* Clear extract. 

** In Experiment 7a the mince was diluted 1:3.02, in Experiment 7b 1:6.0. 

tt Added only in the second precipitation with trichloroacetic acid. 


1, Table Il). It is probable that in filtrates containing “inert” protem, 
the pigment may be adsorbed on the protein, and thereby more readily 
removed by means of trichloroacetic acid. 
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Two filtrate constituents, glucoprotein and glycogen, encountered re- 
spectively in filtrates from gastric mucosa and liver, interfere with the 
quantitative determination of cytochrome c. The presence of the gastric 
glucoprotein resulted in final solutions of such turbidity that determination 
was impossible, and no chemical means has been found to separate the 
glucoprotein from any cytochrome ¢ which may be present. In the case 
of glycogen, when it was present in amounts producing turbidity, enzy- 
matic decomposition of the polysaccharide by means of clarase, a com- 
mercial preparation of pancreatic diastase, proved feasible. In such in- 
stances after clarification of neutralized filtrates by enzymatic digestion at 
37°, they were acidified and cytochrome ¢ precipitated in the usual way. 
Experiments 2 and 3, Table II, illustrate the recovery of cytochrome c 
under such conditions. Some loss of the pigment may occur, owing to the 
diastase treatment, but it is considered to be of negligible dimensions for 
the problem at hand. 

The other experiments (Nos. 4 and 6 to 10) in Table II show the recovery 
of cytochrome c, added at different stages of the analytical procedure. 
Although it is recognized that recovery of added cytochrome ¢ cannot be 
considered adequate as proof of completeness of recovery of the pigment 
present in the original tissue, nevertheless such experiments are useful in 
judging losses of cytochrome ¢ which may occur in certain steps of the 
procedure. The recovery experiments also justify the method of calcula- 
tion of the evtochrome ¢ content of the tissue mince in which it is assumed 
that the filtrate recovered represents a true aliquot. The recovery of added 
cytochrome c in all tissues except lung (Experiment 10, Table IL) appears 
very satisfactory. Occasional figures above 100 per cent are no doubt due 
to the error of measurement of volume in graduated glassware. 

Spectrophotometry of Sample, and Calculations Employed—Table Il 
gives the data employed in the spectrophotometric calibration of the depth 
of the new capillary cuvette. The figures in the fifth column of this table 
(Dy — Dy) suggest that the main function of the variable aperture dia- 
phragm ix to compensate for the base-line absorption (approximately 
equal non-specific absorption over the range of wave-lengths used) due 
to the constricted aperture of the capillary cuvette in comparison with the 
larger aperture of the entrance pupils of the photometer. The technique 
of coincident extinction setting at the wave-length of minimal absorption 
also compensates to some extent for turbidity. Most of the filtrates ob- 
tained by our method are not optically clear. Full correction for base-line 
absorption due to turbidity (9) or yellowish pigments (possibly flavines) 
occasionally present is accomplished by the method of calculation em- 
ployed. The ratio of extinction or optical density at a wave-length of 
550 my (maximum of the a-band of ferroeytochrome c) to that at 535 mu 
(minimum between the a- and 8-bands) provides the correction factor. 
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Base-line absorption increases extinction at both these wave-lengths by an 
equal quantity, resulting in a diminution of the ratio of the two extinction 
values. The corrected extinction value at a wave-length of 550 mg is 
obtained from the observed value as follows: 


h 
= (1) 
on 
Ttheary 
Tassie Ill 
Calibration of Depth of Capillary Cuvette with Oxryhemoglobin Solution of Known 
Concentration 
Ds,* capillary Da,* capillary Depth of 
1 
630 0.740§ 0.122§ 0.618 
578 1.226) 1.971§ 1. 383§ 0.558 3.38¢ 
562 0.695, 1.423§ 0.787§ 0.636 
5A2 1.194. 1.971§ 1. 360§ 0.611 3.42¢ 
Average... . 


3.40 


*D = — log T, transmission, as a fraction of unity. 

t Iris diaphragm not employed. 

t Extinction at a wave-length of 630 my (minimal absorption) set arbitrarily at 
a low value, and match of the optical fields at this wave-length secured by adjust. 
ment of the iris diaphragm. 

§ The oxyhemoglobin concentration is 0.0270 m™ per liter (the solution used in the 
1 em. cuvette is diluted 1:3). 

| The oxyhemoglobin concentration is 0.081 mm per liter, referred to a molecular 
weight equivalent of 16,700. 

© The depth of the new cuvette in em. was calculated according to the example, 
1.383 X 3/1.226 = 3.38 cm. 


Where Torservea 18 the ratio D(\ 550)/D(\ 535) obtained upon the filtrate 
and Trueory is 3.10, the same ratio for a purified, optically clear solution of 
ferrocytochrome c (Table IV). The concentration, c, of cytochrome ¢ i 
mo per liter (referred to a molecular weight of 13,000) is now obtained by 
application of the equation, 

x = ¢ lin ma per liter) (2 

60 3.4 
where ¢ is the absorption constant (extinction for a concentration of 1 mM 
per liter and a depth of 1 em. (Table IV, Experiment 4)). 
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The concentration, c, may be obtained directly by a simplified expression 
derived from Equations | and 2. 


A535 
¢ (in mw per liter or micromoles per ml.) = ( observed —) x— (3) 


Taste IV 
Comparison of Absorption Constants, «, for Optically Clear Solutions of Ferrocytochrome 
c at Different pH Leveia in the | Cm. and in the Capillary Cuvette 


«is the extinction for a concentration of 1 m™ per liter, referred to a molecular 
weight of 13,000, and a depth of 1 em 


Cuvette pH* Wave-length ‘ | 535 
4.10 550 (a)t 26.11 
535 (m) ~ 7.59 3.44 
520 (8) 15.37 
2 ! 13+ 55O (a) 28.38 | 
535 (m) 7.29 | 93.89 
| 520 (8) 14.73 | 
3 Capillary, 3.4 4.10 630 0.06, 
550 (a) 26.90 | 
535 (m) a7 | on 
| 17.97 | 
4 34 | 134 630 0.06% 
(a) 29. 28§ | 
535 (m) 9.45§ | 3.10 
520 (3) 17.63 


* Determined by glass electrode. The value of 13+ indicates a pH greater than 
13 for cytochrome ¢ in 0.2 wm NaOH solution. 

ta, maximum of the a-band, 8, maximum of the 8-band, m, minimum, with a 
spectral interval of 1.5 to 2 mg. 

$ Extinction arbitrarily adjusted for a low value by means of the iris diaphragm 
at a wave-length of minimal absorption for ferrocytochrome c. 

§ Absorption constants for ferrocytochrome c¢ used for the calculation of con- 
centration in determinations upon alkaline solutions with the capillary cuvette. 


When the values of « in Table IV, Experiment 4, are used, Equation 3 
becomes 


635 
¢ (im me per liter or micromoles per ml.) = . (4) 


¢ (in mg. per liter or micrograms per ml.) = (D.\*" . — Diy’ 4) X 192.8 (5) 


By these simple, direct means adequate correction for extinction due to 
turbidity and related factors is obtained. 


or 
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Tapie V 
Analyses of Cytochrome ¢ Content of Liver and Kidney Cortez of a Mixed Population of 
Albino Rats 
Experiment No. of rats Mean weight Kidney cortes 
No. eS of cy tox 
ment rats Evident turbidityt Cyto ytox hrome ¢ 
per om. dry weight per om. dry weight 

2 7 170 SSS 

3 23 223 14) 

4 7 45 1315 

5 l Slight S15 

6 l 206 

7 l 240 457 

] 360 Strong (24) 1305 

(293) 
Mean, values in parentheses not included on iw 
S.e.¢ +S1.9 
(S.e./mean) 100 +0. +57 
Mean, calculated** from 10 analyses reported by 

Potter and DuBois (3) S75tt 
S.e. +2. +27 .1 
(S.e./mean) 100 +1.2 +3.1 
Mean, calculated** from 10 analyses reported 

by Stotz (4). 145 1170 
S.e.. +10.0 +38.2 
(S.e./mean) X 100 +5.1 +3.3 


* In experiments with pooled organs approximately 1 gm. of the liver and 0.5 gm. 
of the renal cortex were taken from each animal for the preparation of the respective 
minces. 

t The relationship of turbidity of liver filtrates and glycogen content is discussed 
in the body of the paper. 

t These animals were the parents of a litter used for Experiments 4 and 9. 

§ Cane sugar was fed as an exclusive diet (to produce a very high liver glycogen 
content) for a period of 36 hours before sacrifice of the animal. Aliquots of the 
filtrate were used in Experiments 10a and 10b. 

| Filtrate clarified by treatment with diastase. 

© S.c., standard error, calculated from n(n — 1). 

** The original values of Potter and DuBois (3) and Stotz (4) are expressed upon 
a wet (fresh) weight basis with the molecular weight of cytochrome c taken as 16,500 
instead of 13,000 (8). To convert the values reported by these workers into the 
terms used by us, their figures for liver were multiplied by (13,000/16,500) x 3.41 
and for kidney by (13,000/16,500) k 4.49. The factors 3.31 and 4.49 represent our 
mean values for the ratio of wet weight to dry weight in liver and kidney respectively. 


fe 


| d 
if 

p 


O. ROSENTHAL AND D. L. DRABKIN 449 


Taste V—Coneluded 


tt This value is for whole kidney. Based upon our analyses of kidney cortex and 
medulla, a rough estimate of the corresponding value for kidney cortex may be 
obtained by multiplying by the factor 1.2. 


Since many applications of this new micro spectrophotometric technique 
no doubt may be found, attention should be called to its present limitations 
related to the optics of the system.’ An examination of the figures given 
in Table IV discloses that somewhat different « values are obtained for 
ferrocytochrome ¢ in the capillary cuvette-diaphragm technique and in the 
standard technique with the | em. cuvette. It should be emphasized that 
for the establishment of precise spectrophotometric constants only the 
values obtained by the standard technique should be employed. 

In Table V the results of analyses upon two rat* tissues, liver and kidney 
cortex, are presented, as well as a comparison of our results with those of 
other workers (3, 4). These tissues were chosen for the contrast they 
afford. Both are relatively high in cytochrome c, but appreciably more 
consistent results are shown in the case of the kidney cortex than in the 
case of the liver. The latter tissue has been found by us to yield more 
variable results with reference to cytochrome ¢ content than most other 
rat tissues examined. A comparison of the mean values, given in Table V, 
indicates furthermore that our results upon the kidney are of the same order 
of magnitude (when calculated upon a similar basis) as those reported by 
Potter and Dubois (3) and by Stotz (4). However, our analytical results 
upon the liver are significantly higher (approximately 3 times) than those 
reported by these investigators. Our experiments suggest that there is 
roughly an inverse relationship between the cytochrome ¢ recovered and the 
glycogen content of the liver. A possible influence of diet upon the cyto- 
chrome ¢ oxidase system in liver has been suggested previously (10). Ina 
forthcoming publication, now in preparation, we will present the results 
of analyses of cytochrome ¢ in various normal and neoplastic tissues of 
different species. 


*A rather remarkable phenomenon is exhibited by the capillary cuvette. When 
viewally turbid solutions which transmit light poorly in a lem. layer are placed in the 
cuvette, they appear completely transparent and clear, though distinctly vellowish 
im color when viewed through the 3.4m. capillary. The explanation of this optical 
phenomenon is uncertain, sinee spectrophotometrically such solutions behave as if 
turbidity is «till present, non-specific base-line absorption (discussed in the body of 
the paper) being evident from the extinction values obtained. 

* Albino rate were used. The animals were purposely not selected as to stock, age, 
size, or sex, in order to represent a mixed population. This lack of selection with 
reference to age groups, ete., may be a factor in producing somewhat greater vari- 
ability in the evtochrome ¢ content of tissues from individual animals in our study. 
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SUMMARY 


A method is described for the isolation of cytochrome c, free of hemo. 
globin, from small amounts of tissues (0.2 to 20 gm., fresh weight). The 
isolated pigment is concentrated to small volumes (1.0 to 1.5 ml.). 

A micro spectrophotometric technique, applicable to less than 0.8 ml. of 
fluid, has been developed, in which a cuvette of capillary bore and 3.4 em. 
depth (capacity of 0.59 ml.) and a compensating iris diaphragm are uti- 
lized. By these means ferrocytochrome c has been determined after isola. 
tion from appreciably smaller amounts of tissue than has hitherto been 
possible by direct methods of analysis. 

A simple method is presented for applying corrections for non-specific 
light absorption due to turbidity or related factors. 

A comparison of our analytical findings with those in the literature upon 
the cytochrome c content of rat kidney cortex and liver is given. Our 
results upon liver are significantly (3 times) higher than those previously 
reported. This finding has been discussed. 
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THE VERATRINE ALKALOIDS 


XX. FURTHER CORRELATIONS IN THE VERATRINE GROUP. THE 
RELATIONSHIP BETWEEN THE VERATRINE BASES 
AND SOLANIDINE 


By LYMAN C. CRAIG ann WALTER A. JACOBS 
(From the Laboratories of The Rockefeller Institute for Medical Research, New York) 


(Received for publication, June 10, 1943) 


Recent studies on the veratrine bases (1, 2) have shown that all those 
thus far studied are members of a closely related group of substances which 
has also been found to include the potato base, solanidine (3), and therefore 
related Solanum bases. All possess formulations with 27 carbon atoms 
and, with the exception of jervine (and pseudojervine), are tertiary bases. 
This close relationship has been substantiated by the isolation of the char- 
acteristic basic degradation product, 2-ethyl-5-methylpvridine, from each 
on dehydrogenation. The individual formulations are shown in Table I. 

The data obtained have indicated the hexacyclic character of all of these 
bases. From active hydrogen determinations, all of the oxygen atoms in 
these formulations must be contained in hydroxyl groups. Solanidine is 
known to contain a carbon to carbon double bond (4), and the unsaturation 
which we have found to be present in cevine by the production of dihydro- 
cevines (5), in the light of our later work, must be regarded in the same 
category. Recently, protoverine (6) has also been found to vield dihydro 
derivatives. To complete the picture, the degree of unsaturation of other 
veratrine bases has been similarly studied. 

In the case of germine, a difficulty was encountered, since all attempts to 
hydrogenate it with an active platinum oxide catalvst, either as the base 
dissolved in methanol or after acidification with acetic acid or with an 
active nickel catalyst, were unsuccessful. However, isogermine, as the 
free base dissolved in methanol, could be readily hydrogenated to dihydro- 
taogermine. (im the other hand, germine on treatment with sodium in 
butanol was reduced to an isomeric dihydrog rmine. Active H determina- 
tions on these products have given results in agreement with the reduction 
of a carbon to carbon double bond and not with the opening of one of the 
tertiary N rings to give a secondary base. Hoth rubijervine and isorubi- 
jervine in methanol solution, which contained an excess of acetic acid, 
were converted respectively te ydrorubn je reine and dihydronsorutn je rvine. 
The hydrogenation of an olefinic linkage in the former was shown by its 
acvlation fo diacetyldih ydrorulnjervine, which retained the original basic 
character. 
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It is thus seen that all of these bases, with the exception ot j im, have 
yielded data which permit the conclusion that they are singly unsaturated 
hexacvelic tertiary bases which the tertiars to twee 
of the rings. In the case of pers ine 2.4 sullment data have mon ob 
tained to show its close relationship to the group Howey mains 
in a special category, since it reacts a eecomiary tase mated me at 
least two conjugated double bonds which can by hydrogenated to a tetra 
hyvdrojervine The derived formulation of jervine WN umd af 
appears probable, it is pentacve lic, it must still contain nenturated 
linkages, which have not heen detected as vet by hydrogenation his is @ 
question which will have to he mvestigated turtle 

The close analogy of the veratrine bases to eolconidine mw thus evident 
Solanidine has been conclusively shown by Soltvz and Watlent Ss) and 
Rochelmever ta bee sterol der Vi" evelo 

Farmutiationa of lverafrine 

(evine 
(,ermine ‘ N 
Protoverin 
fubijervine 
lsorubiyervine 
Solanidine it. 4) 

it. 


Solasodine 


pentenophenanthren ~<clenium dehvaroge recat t 


a sparingly soluble digitonide with digitonin, It was of interest 


to check the latter property with the veratrine alkamunes \« recorded in 
the experimental part, isorubyervine wae found to form quite readily a 
sparingly soluble digitonide. Rubijervine also appear d to form a dw 
tonide. but only after longer standing. This property prov te be absent 
in the case of jervine, as vell as with germine, mogerniin evine, and 
protoverine The significance the outcome of the test in tte thee 


latter. which are more highhy hadroxviated alkamines, cannot tain 
However, the promptness o! the precimitation of morubipers ine 
tion of the digitonide began within 50 minutes) strong im thie 
ease of a 3-(8)-hvdroxyl group contained on Ring A ol a steronia poture 

In certain wavs, Our experience with the veratrine alkamines 


fered, at least trom the recorded st ariel related 


Solanum bases, Thus we have alle ‘ ne levelo- 


pentenophenanthrene from the dehvelrogenation 
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the veratrine bases Instead. from those which we have been able to 
gudv with sufficient thoroughness (except in the case of rubijervine), the 
more complicated hydrocarbons isolated behaved as tetraevelic or penta- 
evche fuorene derivatives We have, therefore, reinvestigated the neutral 
hydroe arbon traction which results on dehydrogenation of solanidine, not 
only for ben ot the recorded production oft Lhiels’ hvdrocarbon, 
hut also ta whether analogy to our experience with the 
veratrine bases could be found among the remaining dehydrogenation 
products The debwdrogenation was carried out essentially as in the case 
of the veratrine bases, ana Diels’ hydrocarbon Wis isolated without dith- 
eults In achdition, two other ervstalline were obtained 
which were ntified as 2-1 thvlphenanthrene and | .2-dimethviphenan- 
threne. These substances were probably formed by the further degrada 
thon of 1 hvdrocarbeon or its precurse! ‘The most caretul mvestigu 
leon, howevel failed Ter TEVE “al the preseniet an Huorene hvdrocarbons 
in the dehwdrogenation mixture 

The of behaviol taken alone might be too conclusive, 
sneer. recentlh reported, “we had failed to obtam anv evidence ot the 
production of fluorene | vdrocarbons among the dehydrogenation products 
from rubinervine Instead, a hydrocarbon obtained as a major 
product appeared unquestionably to be a methvlevelopentenophenan- 
threne. This hvdrocarbon did not prove to he Diels’ hydrocarbon, but 
an omer The data obtained with the hydrocarbon and with its trinitro- 
henzene derivative agreed with those recorded tor s) nthetic a-methyl-l ,2 
eveclopentenophenanthrene eeribed by Ruzicka. Ehmann, Goldberg, and 
(10 Mut sue wlentity should be established, its formation would 
he ta interpret The failure te obtam Diels’ hydrocarbon trom 
rubijervine, chich ix isomeric with the Selanum base. solasodine, trom 
which Rochelmever (0) obtained this dehydrogenation product, thus re- 
quires explanation Mut, Irrespective of such differences, it is now clear 
that the vhole veratrine erevtiy closely related te the sterols, and any 
structural formula proposed, if not identical with the perhvdro-| ,2-cvelo 
penn tennerpebne nanthrene structure of the latter, cannot depart greatly from if 

It would therefore, the present miormation, if 
rectly interpreted, that the possililitw must still be seriously considered 
that Ring B contains 5 carbon atoms im those veratrine bases which vield 
fluorenes on dehwdrogenation, as in Formula I, and perhaps 6 carbon atoms, 
as in Formula Il. in those which vield phenanthrenes. If all should prove 
te he m the letter class. the floorenes rritist result from it ring contraction 
during the dehwadrogenation Although ring enlargement trom a mem- 
hered ring to a @-membered ring, expecially at high temperatures, has 


occasionally heen observed, the reverse has not been noted as tar as we are 
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aware, at least under the usual conditions of dehyvdrogenatwn We have 
naturally given consideration to a possilality wha h appears more difficult 
to reconcile with the data Ot and tliat the fuorene chat ' Ot Uhe 


hydrocarbons obtained on dehydrogenation i due only to the recyehzation 
of the side chain of Ring D on carbon atom 16, as generally aces yted in the 
case of the pentacyclic naphthotluorenes which have been repeatedly en. 


countered in the dehydrogenation of the sterols 


F 
C 
© 
| Ye 
A 
~ 
we 
D | 
+. 
N =cHO 
Furthermore, there still to be expla dthe org of the 
tetracarboxyvlic acd ana hey 
well established, is produced in exeetiont yield vted 
indicates that two angular met! arian 
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monet be formed by ring enlargement during dehy- 
of ne must therefore, regarded aS i 


eon established bevond question and will require 


for it ean be formed by condensation of the tsoocty! 


thieh mvolves double evehzation on 
ngement Formula IID), proposed by 
for the heteroevelic portion of solanidine, 
et 7 ean be formed trom the sule « hain ‘The 
few irrangement hich. vhile eonsistent 


ovrnime adirect cle age products It the py r 


rreet. the 2-ethvl-o-methy i reine formed im such 
cbttne ould have to be the re <ult of ring enlargement 
evel reaper ure t hone hetween earbon 

f sel rearrangement could oecur, it would seem 


formation could also take 
mot mmvestigated the produets from solanidine from 


lly investigated the volatile products from 


ery i 
of the veratrine alkaloids in search ot 
bis direct evidence thee nature ol 
™ cloes mot versal te be stgmilicant. 
mitrogetn denvatives among the 


ot out that the 
3-pipecolime (14) during the Zn cust cistiilation 


hiv reeoneled with a py structure 


ti 


with the film measurements ID) and 
tation of the trmsaturats ad precirser of the chevelle 
direet decomposition product from the soda lune 


orewiuetion ol thm hase now appears hest 


interpreted as the result of cleavage of Ring D, as in Formula \ 


tive wi fe iat mship discussed by riggs, 


ti) for solasodine (with the pvrrelizidine tormuls 


be on the baste of the octahvdro 
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| 
ry 
. 
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rrocoline tormula, in which tly ine) 
amine. could have its OH gr n eit! f 22 i} ould 
he analogous to tlh behavior Of now 
accepted aS POSSeSsing per) an rhe Ke-up 
At this point, it may also be mentioned that there ther 
ean be a hitherto unsuspected analogy in the tine Called 
secondary base jervine to pseudostryehnine question 
consideration 

further interest in the genera: the econ 
drogenation ol cevinne substance canner ivy «of 
primar eharacter, but the result of ¢ TAL ne the dehvdan 
cated that a fuorene svsten present in iit hich 
in accord with he fluorene cha the mit 
Same dehvdrog recat lhe data nite 
dine ma be cont uned my \ 
the formation of such a structure Tel 
bonds joining the nitrogen are first ired, as indicated im Fe 
‘This followed by svnthesm of King hers 
is, of course, precede nt tor this thes) ink 
pentacyveli hydrocarbons tormed noe the «bh 
sterols (once hing wm formed, the cat Ring 
unexpected, particularly lowe on 
Ring involved in the ring ch (ine of the mr ning orhap 
Ring might possibly have bee tured with lows ol a ned 
would lead to the ecrrect em ormula Another bas 


isolated in the cevanthridine traction 
one in which Ring A has not been opened 

In the case ol the ob 
to be higher l¢ possible that niv om 
atom 10. or that in some wa’ rearrangement has t ' + the \ 
end of the molecuk No evider ol the ist ane 
corresponding to cevanthridine 

which occur in the vanious alkaloids lhe tact vives 


ry is ily itl the 4 


digitonicde bas shown that its lroxvi grou 
bor tt thas must be the case in tsorubiyervine and 


| erounp located in the viemity of the first, since 


to have its second hydroxyl 2 
of surface film (15 In jervine, in addition 
located 


it gives the mcompressible vi 


mit the formation of the phenolie pyridine, 


tom 23, im order te perm 
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certain thy the third hvdroxvl group. Aside from 
the Palle « The’ mate itt >. heave hydroxy! groups 
earbon atom 21. as well as on carbon atom 23 im order to permit torma- 


tion of the chevehe pyridine CHOON, pres reported. \ fourth 


71h be on Carbon atom order to account more 
emily Lo formation of the assumed Ring of ces anthridine, as outlined 
the «truetures and origin of the hexanetetrae iboxviie and 


heptanetet 


rectly int rpreted a= rin) 


ting ii eho 


could neat i’ hy 
The exact position of 
subject or subse quent 
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Nali€@) L ition was extracted with 
ret for 0) (on concentration ol 
gradi hich finally melted 
ne rotations calenlated for the dred 
* = 


then Found. HL 1.65: ealeulated for SH, 1.58. 


in obtamed th mmeol-et het is minute. short 


ira. 
For at thee ares dned at and 2 mm 
S.28, 6.37 
J son n of Germain leogermine 0.2 em. of germine was dissolved 


il ture of ee. of methane, cc. Of and L ee. of 


\ Nattht cooled anda mamtamed at tor ty hours. 


i Jt) hours ihe extract was concentrated 
\ p of needles, which consisted essentially 
ithe cl Lol was obtained (0 


Phe hy concentrated and, after addition of methanol, 
ihe remaining loroform was boiled off Phe concentrated solution 
talliged hen semied with wogermine as needles. The separation 
rae anied tr sreful addition of ethe The vield was 30 meg. After 


rervatallization. it melted gradually at 258-260° (uncorrected) after pre- 


cima mat mn in 


7 the usual manner, but not corrected 


rected micro melting points 


liminary sintering and discoloration, esp» hove 
| 
all properties with the mogermine previc nn 

then the attemy 1 Tine’ 

centrated to smalles \its lire? 
lormed to a paste ol deheate ler mn 
an alcohol-ether mixture the substan 
and melted alter preliminary soltenme i 
For analvsis, it was dmed at 12 nd O.2 mm 


The ‘Tschugaett-Zerewitmott determin 
substance: 3.085 mg. of substance gave 
there was no change at Found, Hi} 

The concentrated 
like dihvdrogermine, and eould not be se 


\ olume cot thanol 


with me. of platinum oxnic entalivet 


5 ce. of CH, (26.5°,742 mn 
4}: caleulated, 


roughly equivalent to 1 mole ot TH. in excess the ent at} rements 

\fter filtration, partial concentration, and dilution, the addities Nad) 

solution caused separation OF a mn hoch is toul wit! 

chlorotorm The extract vi hich ervst trom pe 
cent aleohol as delicate needh vhich melted at 222 incorrected 

It contained solvent and was dred t nalveis at 120° and O.2 mn 

Caleulated. C 78.01. H 10.02: found, 

lrorubijervine was refluxed with aceth 


racetuldihyd orubipervin 


anhvdnride tor | hous ana evaporated to drvness 


ate hich contained slight excess o! 
\lter pr dilute the base was extracted with chloro- 
ery <tallized from OO per cent alco- 
ms im” text at uncorrected 
em. of isorubijervine was hydrogenated as in 
Che absorption of was approximately | mole 
bom t canner base was extracted with chloroform and erystal- 
The an mneorreeted) after slight preliminars softening 
10.02; found, C 77.85, H 10.99 
Seta He \ mixture of 10.1 em. of solanidine and 
hented flask, after the air was replaced 
itroget HO) tor 2 hour Che oil which distilled into a chilled receiver 
hrowugt a tew em the bath was set aside The 
extig net tl naterial has been reported previously (3). The residue 
“—. milar material from a preliminary run of 2 gm., 
owder ext tively extracted with ether Upon evaporation of 
he Gf St) as obtaimed ‘This was redissolved in 
ther and <haken out with 20 ee. of 10 per cent HCL The aqueous laver 
‘ as to be treated deseribed below. ‘The 
ether soluty hed again with dilute HCl, dried over K,COs, and 
porated to drwness. 3.5 em. of oil remaimed 
This residue mm benzene solution was chromatographed through SO gm. 
f alum \lerek The first 75 ec. of eluent (benzene), after material 
egan to emerge from the chromatograph, contained 2.35 em. of substance 
shuch ‘ rev 7 the adsorbent ‘This proved to be the 
hydrocarbon fraction which was fractionated as described below. About 
03 em. of additional material was eluted by benzene in several succeeding 
None of could obtamed ervstaliine ‘They were not 


investigated further Methanol subsequently eluted about O.4 gm. of 
colored material. the major portion of which was sublimed at low pressures. 
of tlhe sublmate gave figures for gen-containing material 
found. C TLE S35) w hich could not be ery stallized. 

The al ove hvdroearbon fraction was placed in a sublimation apparatus 
and all was collected which distilled up to an oil bath temperature of 200° 
under a pressure of 0.3 mm. The entire distillate was then fractionated 


in a micro fractionation apparatus with a column 21 em. in length. The 


pressure throughout was 0.25 mm The fractionation is reeorded in 
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THE STABILITY OF CAROTENE IN ACETONE AND 
PETROLEUM ETHER EXTRACTS 
GREEN VEGETABLES" 


r THE PHOTOCHEMICAL DESTRUCTION OF CAROTENE IN Pel 
PRESENCE OF CHLOROPHY LI 


it. THR STABILIZING EFFECT OF SODIUM CY ANTD! 


PEPROW;WTIZ 


; }? if f ophyll 


The cal wt at Ca Lin 
hemiecal destruction of carotene m the presence ol chlorophyll 


was first obeerved when acetone extracts of green vegetables were 


allowed to stand tor a 4 hour pernod on a lnborator’ beneh exposed te 


sunlight Subeequentiv it was found that the destruction of the carotene 
muck more rape im the extracts ol oked san pies im extracts ot 


raw samples \ te? cent the enrortene Wiis noted 
in the extracts of cooked material and a 40 per cent loss of carotene in the 


extracts irom rav material, during a 6 hour exposure ordimar day light 


\ practical application of the observations deseribed in this paper is the 
necessity the protection of plant extracts [rom umdue exposure to 
removal of chlorophyll from such extracts during the 


ourse of a series of carotenc estimations, since in most of the current 


or the immed ite 
mee tone is “sect the 


\ecording! the lollowtneg \perinentis were devised to substantiate these 


observ at te it fone extracts of difterent vegetables 
sere’ prepares: thee per col thee Waring ole orn samples the 


le were added betore extraction: 


third sample remamed untreated, and will hereatter be referred to as the 
ol the extracts were taken half were 


exposed to sunlight. and the other halt wer ei im the clark caro 


tene estimations vere made bv the Petering Wolman and 


Hibbard I 
Phe Carotene contents atter stated of tithe are given if lable | 


It will iti sii rea \\ enrrots there Wwere 


yt) STABILITY OF CAROTENI 


decided losses ol carotene upon sure to haht wh piace 
in the dark, and also that the losses of carotern mn tine ity 
eooked samples were Tritit h greatel th im im tie ¢ 
tables. The effect of evanide will be discussed in Part 1 | 


ooked + 
Rat 52 


(‘ooked Al 

Pepper Raw 40 45 ins 
Nal N 45 648 


* Exposure period, 4 hours 


1. 2b 0.54 


The reasons for the greater loss of carotene in the extracts of the cooked 
samples are not apparent but it might be assumed that some inhibitor 
that might prevent the destruction of carotene, Is destroved during the 


cooking process. However, this was not substantiated when cooked and 


ww i/ tty, 


raw Sarpics ere exposed to light hbetore extraction, tor no loss of carotene 
was mi evel xtended exposure The loss ot carotene appar- 
enti | aniter extraction, and nat in the Tissue itselt. 


( arrots were iil 7 lable because they oller a good example ot the 


phenome i roots of carrots POSSCSS ne chlorophyll; 


thereiore extracts © this egetable do not lose enrotene tipon exposure to 
light vever. it ¢ hlorophy it. added to the earrot root extract. carotene 
« destroved, losing 40 per cent ol the original carotene content after a } 
hour exposure to light Lhe importance ol light is indicated by the tact 
that carrot extract plus chlorophvil in the dark lost no carotene during the 
hour mterval 

he destruction of carotene was not confined to acetone solutions alone. 
Pure carotene dissolve i om petroluem ether b.p. solution ot 
carotene-iree chlorophyll showed a similar loss of carotene upon exposure 
to hght, as is indicated in Table Il 

Ry means of the following experiment the interdependent efiects 0! 
hlorophvll and light in the photochemical destruction of carotene were 
strated enrotene-tree solution ot chlorophyll Wiis prepared by 
extracting the Leopes of potato plants with acetone in a Waring blendor and 
Sltering the extract. The filtrate was shaken with one-fourth its volume 
on petrol um ether ina large separatory funnel. dissolving the carotene 
in the petroleum ether laver while the chlorophylls and carotenoid pig- 
ments were partitioned in the two layers. The petroleum ether layer 
Was evapo ated to dryness, the residue taken up with acetone, and a second 
extraction with petroleum ether was made. ‘The two acetone lavers were 
ombined and evaporated to the desired concentration of chlorophyll. 
This procedure did not give a quantitative separation of the chlorophyll, 
as the greater part of the original chlorophyll content remained in the 
petroleum ether laver. However, sufficient chlorophyll, free from carotene 
but containing xanthophvlls and flavones, was obtained in an acetone 
solution. Since the chlorophyll solution could not be evaluated as to its 
actual chlorophyll content, no appropriate standard being available, the 
various concentrations of chlorophyll utilized in the experiments will be 
referred to in terms of ml. of the chlorophyll solution taken. 

Known aliquots of pure carotene (S. M. A. (‘orporation ) in acetone were 
placed in test-tubes, 5 ml. of the carotene-free chlorophyll solution were 
added to one-half of the test-tubes, and all brought to the same volume 
with acetone. The test-tubes were equally divided; half were placed in the 
dark and the rest exposed to sunlight. Thus four different treatments 


were provided: carotene plus chlorophyll in the light; carotene minus 
chlorophyll in the light; carotene plus chlorophyll in the dark; carotene 
minus chlorophyll in the dark. Each treatment was conducted in dupli- 
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2 hour exposure to light. In a repetition oft this experiment with 0.31 mg. 
m carotene, at the end of 2 hours the chlorophy I] solution dropped to 0.14 
me.. while the sohitions with the carotenond pigments still possessed 
mg. of carotene. It ws obvious from these data, as well as the data for 
earrot roots in Table |, that chlorophyll alone was the activating agent in 
the observed photochemical destruction ol cnrotene 

Chiorophvil has been tound to be an activating agent tor the photo 
chemical oxidation of other compounds Nlever has shown te he 
true tar thy photochemical oxidation such compounds “as olerwe acid. 
lyeopene, citronellal, linalool, pulegone, and ergosterol. Craffron (6 
presents evidence which indicates that autonxidations involving chlorophyll 
proceed through the tormation of secondarily produced peroxides and are 
therefore coupled reactions Che non-photochemical enzymatic oxida 


tion of carotene in the presence of unsaturated tats has been shown by 


75.8 


Sumner (2) to tn caused also by a coupled reaction through the formation 


of a reactive intermediate primary oxide. — [t is of interest in this connection 
that Aronoll and NI CKINDE 7) have shown that carotene has an inhibi 
tory effect on the photochemical destruction of chlorophvll even below 


wi \ Where Cnrotene does absorb haht 
The Stabilizing of Sodium vant 


Two etfects of the addition of sodium evanide are indicated by the data of 
Table I. First, sodium evanide has a partial inhibitory action upon the 
photochemical destruction of carotene in the presence of chlorophyll, 
“ance in almost all cases the quantity of carotene destroved 1s less in the 
presence of evanide than in its absence. Because the mechanism involved 
in the reaction described is unknown, it is difficult to evaluate the function 
of the added evanide in prevention of the destruction of carotene. Llow- 


ever, the ability of evanide to act as a eatalvtie poison is well established 


and the assumption mav be hazarded that at least one step in the cor plete 
reactpon well be enzymatic, whethet the enzyvmat (ion is @ 
coupled reaction as discussed above is not indicated by the a 

he second etiect of the sminum cvanide tor 
ction on enzymes The reaction in question, although ng of 
carotene, Is separate Irom the photo hemical destruction ¢ rotene re 
ferred to in Part I of this Previous experienc reports 
the literature has shown that there is ‘ eon the 
extimation of carotene in raw and cooked vegetables Liv tet ontent 
calculated irom ray samples was almost invariah we 
cooked samples This difference appears to be catiseu en ati 
destruction ot carotene during the maceration ger ina 

i \ 

eooking evidently inactivates this enzyme Strain (11) previously ol 
served this phenomenon. This author found that the oxidation of th 

carotenoid pigments in macerated etiolated and green nhibite 

hw heating the tissue belore grinding, or the addition ot juantities 

of zinc dust. zine oxide, magnesium oxide, sodium hyare oniun 

hvdroxide, copper sullate, lead acetate, and merceuric ci llowevel 

eonditions under which enzymes were not destroved,. such as freezing, di 

not retard the oxidation ol the carotenoid pigments In the present cas 

the addition ot mg. of sodium nide for 30 to of gr ol tte egetabi 

just previous to extraction eliminated this ditterencs in tie otene @stitiia 

tion and brought the results obtaimed with raw and cooked \' vetables int 


agreement, as indicated by the data of T: 


— 
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A similar response, although not as uniformly effective, was obtamed by 


SUMMARY 


| srotene is destroved shen dissolved scetone or petroleum ether 


and exposed to light in the presence of chlorophyt his reaction has 
demonstrated extracts of green vegetables Importance of 


this fact in the extunation of carotene 1s 

2. The reaction is a function of time the longer the exposure to light, the 
greater the loss of carotene 

4 an chlorop! vil are necessury tol the reaction to occur. 
In the absence ot chlorophyll or light. or both, no loss of earotene could 
he obser ext 

i The rate of destruction of carotene 1s dependent upon the quantity oO} 
chlorophyll present. Thus chlorophyll ts direetly involved in the reaction 
and snot act me rely as it catalvst 

5. “The widition of evanide partially inhibits the photochemical 
destruction of carotene 

6. Sodium evanide also prevents the non photochemical enzymatic 


lestruction of carotene, which has been observed to occur in extracts ot 


The author wishes to express his indebtedness to Protesso John 3B. 
Smith for his manv helpful suggestions during the course of these experi 


ments pre pat ition oO the Paper 
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ACTINTTY OF VITAMIN A,* 


By JAMES JENSEN, EDGAR M. SHANTZ, NORRIS D. EMBREE, JOHN D 
(AWLEY, PHILIP L. HARRES 


for publication, Jume il, 1434 


In Leaclerer ef al reported that the livers of certam tresh wate: 


Contained stulstanes iN ~Orpt ion maximum at 004 gs when 


treate<d with antimony trehloriule observation was confirmed by 
halistuiry «f whe designated this matenal vitamin As. Furthe: 
work bv Cellam ef a 4) indicated that vitamin A, possessed biological 


activity tor rats and Lederer and Rathman t) have shown that vitamin 
absorbed and stored im the liver by rats and trogs (in the other hand. 


Narre! ef ai have recently “tated that vitamin does have bie 


for rats 


emploved workers to enleulate tive relative of vita 


mime Ay amd in ther preparations In each case, this caleulation has 
been made trom the ratho ot (6095 mya) to & (620 mu) of the preparation, 
there clive tice comcerning the value lor thes ratio 
each of the pure vitamin Phe ervstallone preparations fl baxter and 


bave allowed an aeeturate menstrement of this value lor vita 


min bert a exaet eal has, until the pres 


ole ‘air Valties thiat have are probably 


thie physicochemical tes the eoncent rates actually assaved. We 
have \. concentrate whose phvstreochemreal character- 


Were 7 bey ti 


Preparation of Vitamin A, Solution—The vitamin A, which was assaved 
or Vitam \ setivity was prepared as tollows: [The livers from seven 
iry ‘ bee pike luctus wer finely minced it high 


“peed mixer, chibute with water. and extracted tive times with ethv! ether. 


“gm. of onl were obtained from 400 gm. of liver. The absorption maxi 
mum the ultraviolet region was at 352 mu with F& (1 per cent, | em. 

\ subendiary maximum occurred at 286 my with (1 per cent. 
em With «a saturated solution of antimony trichloride in 


chiorotorm, the of gave a greenish blue color having an absorption mani 


fron \o 46 from the Laboratori Distillation Products Ine 


mum at 695 my with & (1 pet 


Vel ol was then ke 


firs! being dissol mi in a 
220) was taken tor 
liver « lt had an ultraviolet absorptiot 
per cent, | em and 
| 
49 | 
/ 
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et 
20) j 
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0 | 


2% 
WAVELENGTH 


‘dis 
prod | 
per cent, | rig. | 
sic 
\ giveerias ' 
handled in the 


wavt LENGT} 


d 
\ 
" 
' 


| 
| 
| 


IENSEN. SHANTZ. CAWLEY, HARKIS Lio 


oils were used, 1,2, and 4 u.s.p. units per rat per day. These doses gave 
65.5 em In weight pret rat tor the 2S 
lav period. The vitamin A; concentrate was fed at three levels, 25.64, 128.2, 
mg. per rat ay growth res ior these 
evels were 25.8, 51.7, and 60.7 gm., respectively. A dos>-response curve 
from the reference oil data was determined. It is given by the formula 
lang \ ) 10.5) 43.1, where \ equals the units fed pel dav and Y 


equals the growth response in gm. during the 28 day experimental period. 
This formula and the growth response for the 25.64 mg. level ol vitamin 
\, concentrats indicated that it has a potency of 47 000 Us Pr. units per gm. 

Phe ti ors of the rats ted the here r doses of the vitamin \. concentrate 
sere” ror Vitamins and \. uitel extraction the 
w the fish livers fhe antimony trichloride reaction product (Fig. 2) 
dowed the presence of only vitamin A.: the ratio of F (695 mu) to EF 


iv ‘mid? of \ | growth responses and 60 ri iit 
btamed | the higher doses of the vitamin .\. concentrate, are ditheult to 
nterpret. Gillam ef a/. observed a similar phenomenon when they found 
that mecreasing doses of liver onl trom operca De ca, to 4S 
mits ti practically the AVE gain in weight iT) their 


tively high lewels of vitamin A, feeding is puzzling, and to quote then 


Volga fishermen. but this cannot be cepted as evidence 
(tur data contminite no positive evidence tor toxicity of vitamin 
\ Llowevs « have compared the growth response of normal weanling 
per cent, lem.) ($28 my 5) of vitarmin .\, as a natural ester concen- 


trate with that of animals fed vitamin A, (1 gm. of oil solution with £ 
per cent, | em doe 5) as a concentrate trom sAflizoste- 
” in The natural ester concentrate of vitamin \; at this level 
lepresxxed growth only slightly below normal, whereas the vitamin A, oll 
roved quite toxic, repressing growth to about one-sixth normal. Llow- 


er. it is by no means certein that this repression of growth ts caused 


thy Iraection of the “i. 


t 


our vitamin Ae concentrate Wie timated According to the 
\ wielded bands possessing it ma wit 


ave those “at 


eoneentrate would contain slightiv less than zero amount © famm .\ 
ln our recent expenence, Wwe that pure preparation 
have extinetions at mua wit! O=:.05 of those at my thee 
purest vitamim Ae preparation. | e extinetion= ut th 
O35 ot those mat Mie evident thant the vita m 
preparation this pauper contalie te tamin .\ that the 
nological potene cnt thy preparation \ 
contain the Vitamin \ have extinetio thy ‘pi? ty 


Olt ol those at mia 

preparations will have no extinetiot lit Wa i 

vitamin A. concentrate would be due to t e\Dorience 
units for each unit of & per cent, 
the biological potenes due to vitamin we that the extinction 
at 620 mu was due to only vitamin would be 50.000 unit= per 
is substantial amount of the tot of 1, oir. 


his little on Vitamin activit' i- long ‘sam 


tion of the vitamin A,-antimony trichloride comple 


We teel that the vitamun tamed appr 
clable absorption it mig it wemteresting to that 
<elves are the oniv investigators intl eheld whol e obtained thei dat 
with the help of recordmag epect rophotomet. 
vives the whole absorption curve ma w 

Since there are neo ompletel sting farm .\ 
Irom Vitamin \ itu hard te “ttle the dpagreement tine epative 
of the two Vitamins present thee 
ana Shantz loud that anhvarn 1 nin in 
readily separated from anhvaro vil in A, bv chromatog sorption 
\ chromatographicalls comcentrate of nhvare i \ pre 
oared and found to have of (tM uito 
9) This. in our opinion, is confirmation of cur contention | tamil 

\. the ratio ot mua) to al 
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COMPOSITION OF SWEAT, WETH SPECIAL 
REFERENCE TO THE VITAMINS* 


ty OLAP MICKELSEN anno ANCEL KEYS 


nog 7 iH rie raity of Vinne sola VWinneapol 
ved for publication, May 28, 
lew te the composition of sweat is as vet Iragmentary and 
inv points are subjeet to dispute Reasons for this are numerous, some 


the more obvious bemg the difheulty of making satisfactory collections. 
fuer im of swent elaborated different regions ot the 


isn. 
ody. and the fact that exploratory work cannot be done on animals. The 
portance, however, when it Is realized 


that im t! tromes and hot deserts sweat production may amount to 5 


to 12 lite 1a Dill (8) and Dill et al. (9)) and that this sweat is by no 

ans a «imple exeretion of a dilute salt solution. If vitamins are lost 

Th df i cently. there ™ ii possible basis oft support 

or euch claims as that of Mills (22) that vitamin requirements are elevated 

hix paper is a repert on the composition of sweat with special reference 

to vit n« and <ome organic substances and to variations in composition 


of eweat collected from different parts of the body and at different times 


(Great car ~ taken in the sampling procedures and in the analytical 


ane pe nial (‘onditions 


All subjects were normal young men who were free from known phivsl- 


talion; others were college students All were moderately active physically 
min real athletre trammneg 


All of the <tudies were carried out in the late fall, winter, and earl 


“pring, se» that the subjects were not acclimatized at the outset. Phe 
subjects were studied, and in some cases housed continuously tor some 
lavx at a time. in an experimental suite with controlled temperature and 

* The wv le ribed in thi paper was done in part under a contract, recom- 
tree mmittee on Nlechieal Research hetween the Othee of Serentifie 
Research mel Development the L niversityv of \iinnesota Imp irtant financial 
sistance «also provided by the Nutrition Foundation, Inc., by the Corn Indus- 
tnes Kes Foundation. by Swift and Company, Chicago, by the National Cane 
Sugar Refiners’ \« tien. and bw the National Confectioners’ Association We 


are grateful to Merck and Company, Inc., for supplies of pure vitamins 
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Thy 


environmental temperature 
leat i\ ¢ wr: cory 
Houghton and i 


higher 


jects during or immediateh 
dnven tre oo 


vailed. 


‘Larne 


Holdndge (4 


estimated low thu 


by the method ot Fncedomann, ¢ Di in 
Ammonia Wie estimated by the same prose 
(‘reatimine vas determimed bv 1 

Lscortn Te ast] TELE 
technique (25 anal 
was extracted ohoiami ti 
Mlank- were ive ie 
potassium ferris 

Snell and Strong (20) and | the fluor 
Straub (o Npeotini acid 
of Snell and Wight (40 

othe vif 

In all cases the skin 
washed with and ite 
Protuse sweating Was the! 1. the fi 
off with distilled water and the skin dined 
for analvsis 

Swent from the arm and thane 
lets. without fingers, attached 1 
suspended in a bathing cay th 
chilled and kept cold during the collection 


| Th 
~ \\ 
al M 
ait ‘ 
Volhard ethad of Ine 


at 
‘ 
4 
i?) 
oor 
| rere 

« 

‘ 
Bit 
ethod 


tin llin and Muth 
nve mt oXNidation of 
hiition 
elt of Conner and 
the logient!t assay 
tor to ted was carefull 
ot iter. and then dned 
olleetrons were started 
gaunt 
flask The flask wat 


top of the gauntlet 


rye 45 mitlets. complet with hingers. were used 


Ir Pera? from different parts of the body the 


ol proftise sweating reduced, and sweat was 
bw <eraping the skim small beaker or pus basin Just 
tre Tits ivy the skin Was quickly sponged 
ith «lixtiileed water and aried procedure wis relatively satistactor\ 
ches it at Wiis <> profuse that samples 
ere obtain thin 2or 3 onds after the skin was prepared 

ter teal from different parts t hi 
hexdy in gauze bandages covered externally with de ntal rubber dam. ‘The 
~weat was extracted from the bandage and rubber dam by a measured 
of wat Both gauze and rubber dam were weighed dry 
swent mdage-rubber dam was weighed to measure 
the total collected method proved satistactory tor sweat 
pen | thigh and Various parts of the torso, though 


come practice ix needed to apply and remove the bandages properly. 

In the past. much work on sweat composition has been done with sweat 
collected from the hand in an ordinary surgical rubber glove (Dill (8) 
In order te compare such sweat with that of the entire body the subjects 


vere in a full length union and heavy \ ana wore the rubber 


valking briefly on the treadmill ‘The skin Was previously 
the garments had been carefully washed in distilled 
vater. drial, ane eratved No <went as such was lost from the svstem, 
At the end of the period of sweating the subject 


tomlin an enameled basin into which the garments were removed and 
the rinsed? wit! distilled water garments plus washings were 
weighed lhe garments wer then extracted with the distilled water and 
analysis for chioriudh vas earned out on the chiluted sweat washings 
Glove sweat was analyzed directly Before and after the sweat collection 
the nude subieet was weighed to +6 gm. The total sweat production 


ar 


ted’ large number of recovery expermments showed that 
“sweat collection fort send estimation m Very satisfactorily accom 
plished with the duprene gauntlets in 15 minutes at 49 Vitamin C de 
struction mm the collection of sweat tor analysis os negligible when the ar 
rangement with ice-cold collecting vessels ts used 

With «ubieets om ordinary diets the concentration of ascorbic acid was 


alwave very tow, rangmg trom Otol iS me per with most of the 


ulues below U.10 mg 


relation. if any. EXIST De ween 
of the vitamin in the swea brn tie 
who were maintained on known fixed 
The two k 
The results. summarized in Table |, cles 


eentration int at not of 


In another series six men we tuched 
ingesting me. ot pur 
which shows that anv etiect 
appearance olan average if 
hours alier the of) 3 clips 


subject M. E 
Incidentally, it may 
ably lower than those in Fable | 


eorrect 


With our most re 


meentration ime the 
cot} 
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gat of Twe ‘ ming men on ordinal eollege diets to average 
0083 me. per 100 standard deviation 


The concentration of «eorme acid in the sweat is indepen lent of that 
the plasma. as might be mierred trom the results cited above. In sub 


values for plasma vitamin © of trom O31 to mg. per 100 ce. 


ects 
the concentrations ere entire pendent 


It should be noted that the deeolorization of 2,6-dichlorophenol indo- 
reese? ire iy specie tor orbie We can conclude that the 


phenal ts 


vl in the sweat not greatel than indicated 


ber’ i | therefore, that eve the most extreme conditions 


the volime may reach liters day, the maximal loss 
than Lt) me \etualiv, the maximal losses We have 


Stticiie™ t hye lahorators and in extreme conaditrons inl 


lesert er: itis thy [nited States \rm\ vould to me 
mer «iit pl <pological role ot ascorbie acid im resistance to 
high temperatures will be discuss lin a separate paper 

1 ifa fi swell large amount ot floores 
ent TL ot this is mostly not thiamine o1 riboflavin When con 
rerrics mide ana these are’ used in the 
ealeutatiron of troe thrmme content irom the thiochrome procedure, iT 
appears that the thmmme concentration of sweat Is exce ding! small and 
i tf te estimate accurately, In SCTICS ot twelve 


enarnte estimations thimmme m sweat, values have ranged trom 


tor thts Linke lhe average i of the order of O.15 PCT LOO ee. and 
even ti eanaoverestiti it ve necenpt the highest! possible values. 
loss Of thinmimne in sweat would be less than 
er da l| e helieve the true maximal loss is considerably less 
than tl 

In order to hieve certainty on this pont much care was ft iken in collec 


sampies were eoneentrated by evaporation in Vac 


concentrated material and indicated about 0.5 7 of riboflavin per 100 cc 


the sweat lows of this Vitamin Is no greater than im 


on 


wnt in sweat Was measured pooled sample and averaged 


about [00 y pe h chemical and microbiological methods e 
results in agreement 


Different Parts of Body It is well known that lactic acid and urea as well 
ehlonde occur in sweat in significant amounts \ccordingly, it was 


oneniere| that the estimation of these substances in sweat collected simul- 


is} it? 


different regione as vell as thy Hees 

In the first series of experiments 
gauntlet and trom the back and tte tre 
The results of these analvs 


percentages of the valu 


Litne from the 


stances in the sweat collected) trom different ait 
cannot be explaimed as the result of difierent tor 
from the sweat in different region in oor thy ent is least 


concentrated in chloride tut me rn tat tended 


be most concentrated mn ure 


equally marked difference: ayer Tey hich 
was collected in gauze bandag entirels 
excluded. In this second seres of experiments eatinine and ure acta 


were added te the analvtn i) batter ivineal rewtul Le 
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ments on cone cout Weeks apart, ure Summarized 
wm Table IN 

There that tiv Variation if eoncentration lnetate 
wea. creatinine, and ure acid in sweat Trom different parts of the body ts 
educed in the subject seelimatived to the heat Whether this is a result 
prrertiine swenting eontimued herr cor other tactor involved 


cannot be stated Ilustrative results are tabulated 


ance 


reeke climeatize sh ec? 


The results of two experments, periorme | 2 weeks apart, are tabulated her 
(hlord es are in mo per liter; all othet wlues are in mg. per 100 ce 
Thigh 0.75 O.46 sl lie 1.06 OU.10 
\ 
fa Temperatu 
Chloride values are in mM per liter; ll other values are tn mg. per 100 ce 
He stizats limatizat 
remarked all mvestigutors it he theowuglit that the sweat 


reflects, in an caggerated changes itt the chlonde 
the cause, as shown hig. The re Was no trace 
aoa between the chlonde eoncentration in the plasma ana 
nthe arm plus hand sweat in eighteen normal voung men on either the 
let or the 2nd dav of exposure to the heat These men were on a diet 


dightly restricted in chlonde The chloride coneentration in both fluid- 
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averaged somewhat less on the 2nd dav than on the Is CLITTO Tet 
were statistically insignificant 

karlier in this paper we indicated niportant im 
tration of sweat collected trom different parte of the lhe imterence 


is that it may not be possible to calculate the total sweat loss of chloride 


Irom the analysis olan sample such 
° 
a 
wea’ 


during the first 2 days in the he 


(om parison lve age (‘hia iy € j . 
The sweat collectron penods ranged trom to 


chiefly from hand sweat collected in a rubber glove 


this procedure Wis caretulls checked my Titwe 


The results are given in Table VI It is clear that verv large errors 9 ould 


result from the calculation of total body losses of 


tration hand “Went and thy Talk 


DISCUSSION 


ition is interest because ot the possible etlect ot 


weat low on the requirements of the body for salt and vitamins in hot en- 
ronments. In the ease of salt chloride) the loss may be large -and its 


titative evaluation is important. However, it appears that such 


an 
+ he made accurately from samples taken from any one 


wart of the texts In general, the total salt loss ealeulated from the con- 
entration of eat eolleeted in a glove is considerably greater than the 
me salt loss from the whok luxdy: this is well shown im the present study. 
The relatively low salt concentration ol total body sweat is notable in the 


etx of Hlaneock, Whitehouse, and Haldane (13), of Dill e¢ al. 
It should be noted that the loss of water and 


it} law ef al 


throtudl thee «kin independent of osmotic forces Whitehouse. 
Hancock, and Haldane (42 and i must be expected that the sweat con- 


ill wary according to whether the skin Is immersed in sweat 


reat 


tle or eneased in salt (as in complete evaporation). 


We have no ready explanation for the seemingly independent variation 


» the concent rat tots of coffterent constituents the sweat collected from 


However. it should be remembered that the 


total the predtuect of three different sources: | secretion oft the 


of the apocrine glands, and (3 presumably 


diffusion of water and other constituents in the ‘insensible 


The coneentrations of the eeveral constituents differ im 


the “swent tive chitte rent scnirees anda the relative amounts ot the 


pyrene it} reer vary according to the 


f the loeal skin (ef. Kune (IS Phe subject of chloride econ 


omy under different conditions will be discussed in a separate contribution 


Numerous statements are mappenring to the etlect that Vitamin 


mereasedd in het environments (ef Niills (22) \Iost of 


t hae 

wml Pace (7) and Bernstem (1 reported vitamin © concentrations im 
sweat of the order ot LO me. per oe Such values eould mean 
mnortant loawwex in heavy sweating. However, othe analyses indicate 
ouch concentrations (Zselvonka and Nandassy \iégav (34), Wright 
nd MaelLenathen (33), Hardt and Stull (14 The present results are 
«tall ancl that ascorbie “i joss Im sweat Is ghgible The 
reported earlier probably reflect the fact that the analvtical 


methods used are not very specific and other reducing substances readily 


mnter as contaminants We have observed this ter the with SOE 
Hardt and Still (14) have suggested that thiamine losses im sweat may 


rause serious phvsiologies! consequences. Their values for thiamine 


| 


iss 


tn swent mitis! te ve tel thar 
the mor exacting were our ethos the nears rresulit= were to the 
thiamine level. Slater (28) has reported to ves for 


im swent 


\lany workers have reportast of swegt 


\leSwinev (20 We obtamed similar values bw the use of the onrdiman 
substances the ordimar are mot Mik alle 
cluspons as to the trum glucose Content of und Sehula 
and Kung (27) have shown that practs allv mone of thy Detance In sweat 
recorded is glucose the i] ‘horn then! nv) 
glucose osazone ‘The of bogelhardt i? thint of 
patients mav exceed or 200 me. of ghicose mm certamh 


‘The majonty ol the constituents m sweat are more dilute than mn t bas 
blood plasma or interstitial thud Lactic acd. or lacta if exists in 
swent, is it notable exception \ alues hign me. 
ce. have been reported im the sweat of “tig * LD Pomberton 
(245). tut the best methods that the shies are ustalliv below 100 
mg. pet 100 ec. unless the blood lactate level m elevated lhe values rn 
corded here reflect only moderate elevation in the blood lactate Ihwowrakina 
and Krestownikoll (17) reported values as high as 17050 me. per LOO ce. of 
<weat obtamed in a marathon race 

rea is also more concentrated m sweat than on the blood Try thee present 
study thirty eight samples ol arm pilus hand sweat averaged mg. of urea 
per 100 ce., with a range of 23 to Br mg Phe bloods drawn at the same 
time averaged 18.1 mg. per ce., with a range of S2to24.4mge. These 
sweat values for urea are higher than those reported by MleSwiney (20 
\lezinesco (21). Chopra «/ al. (4), and Robinson of (25), but it may 
noted that uren mw not very stat le in sweat and an 
necded to prevent its loxx the collected “amples lhe urense method 
used here is highly specific and was apphed with great care: =o considerable 
confidence is placed in the res 

It should be clear that <weat secretron at least as complreated ax urm 
secretion and sweat is, mn its wa comple urine Hut in the case of 


urine tormation some re gularit\ apparent and the relatron= between the 


urine and the blood pressire are at least capable of partial definition \ 
vet lew guiding principles low the ative Of sub 
stances in sweat are Such sub<tanee= ax glucose. 
riboflavin, and androgens (Cornbleet and Barnes (6 ire almost wholh 


excluded; phosphates, uric acid, and ascorbic acid appear in very small 


| 
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amounts mimi Urea, and lactate are greatly concentrated 
Chioride ranges trom twice the concentration in the plasma to pel haps One 
ffth the plasma level None of these substances reflects the blood con- 
centration of the same substances unless the blood levels ar markedly 


abnorma|! 


| Sweat was collected trom various parts ol the body of normal voung 
nen rest and nenierate work In most cases the temperature Wits 
19°, the humidity 25 per cent relative saturation, but mm some experiments 
humidities over 65 per cent relative saturation were maintamed at an an 
temperature of 37-38 

The concentration of ascorbic ach sweat is yenerally less than 
mg. per UM) ce., the true average being of the order of 0.05 mg. per LOO ce 
The concentration i- independent of the dietary intake of the vitamin 

‘The coneentration ol thimmine im swent ix of the order ot 
less per LOO ce Riboflavin concentration is of the order of 0.09 y o1 less 
per Mca, of sweat 

i The concentration of nicotime acid or tts biological equivalent in 
eweat of the order of O.1 mg. pet ee 

5 Lactate. urea, and ammonia are much more concent! ited in the sweat 
than in the blood 

é. Sweat samples collected simultaneously trom the hand, arm plus 
band. face. torse, and thigh showed marked differences im total concentra 
tion and in concentration of individual constituents including chlonde, 
lactate. urea, creatinine, and une acid 

7 Hand «weat is more concentrated in chloride, by 30 to 70 per cent, 
than the total body sweat formed at the same tume 

S The coneentration of chloride in the sweat ts highly variable but it 
® Independent of moderate Variations im the concentration of chloride in 
the blood 

Under eondition= of continued profuse sweating losses of ascorbic 
wid. thiamine. and mbeoflavin are negligible trom the standpoint of vitamin 
rat ihe <went loss of micotimic under these bors eould 
howevet 

a pleasure te record oul obligations to Colonel H. J. Keeley, Com 
manding Officer, Fort Sneiling, to Lieutenant - ‘olonel J. J. Shy, Command 
ing Officer, 710th Military Police Battalion, and to the men ot the 710tI 
Military Police Battalion who served as subjects Chis work would hav: 
heen immexsible without the generous help of the staff of the Laboratory o! 


Physiological fivgiene. expecially Mr. Howard Condit? and \liss Dor 
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Doeden. Assistant Chemists, and Miss Angie Mae Sturgeon, Head Tech. 
nologist. We are greatly indebted to Dr J. 8. Andrews of Creneral Milk 


Ine., for analy ses for nicotinic acid and riboflavin 
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SOY BEAN LIPOXIDASE* 


Hy A. K. BALLS, BERNARD AXELROD, ano MARIAN W. KIES 
From the Enzyme Research Laboratory, Bureau of Agricultural and Industrial 
{he iry ig ‘tural Research Administration, United Slates 


partme? of ig ais alt iré, Washington 
for publication, May 20, 1044 


\ceeleration of the oxidation of xanthophyll and similar substances to 
colorless products has long been recognized as a property of soy bean meal 
and used in the bleaching of bread dough. Hauge and Aitkenhead (1) 
reported a carotene destroving factor in alfalia, and later (Hauge (2)) a 
smilar enzyme in potute juice André and Hou (3) showed that the tat olf 
sov beans and of certain true beans could be oxidized by a catalyst present in 
the beans. Craig (4), using the Warburg technique, demonstrated the 
oxidation of a variety of fats by means of protein constituents of Lupinus 
albus. Sumner and Dounce (5) showed that an enzyme, “‘carotene oxi- 
dase, expsted in aqueous extracts ol soy beans. Its action was dependent 
upon the presence ol unsaturated fats or fatty acids, thus connecting the 
oxidation of carotene and fat. Unsaturated fats were found to increase in 
peroxide if the presenee ofl bean meal (ty). 

The evidence presented by Sumner and Sumner (6) and by Tauber (7) 
greatly favors the view that the oxidation of carotene occurs at the expense 
of oxidized fat, and that the oxidation of carotene is not enzymatically 
catalyzed by this system. Accordingly the enzyme is now regarded as a 
lipoxidase. llowever, fat that has been previously oxidized by the enzyme 
does not “pontaneousl oxidize carotene added to it thereafter. Thus, iis 
stated by Strain (8S) and R. J. Sumner (9), not the stable end-product of tat 
oxidation by the enzyme but rather an intermediate or nascent product of 
that process is responsible for the oxidation of carotene. 

Sillmann (10) noted that partial Inactivation ol the enzyme extracted from 
«ov beans could be caused by prolonged dialysis, owing perhaps to the 
removal of an activating substance. He also found that while linolete and 
linolenic acids used oxvgen equivalent to one and two double bonds re- 
spectively, oleic and ricinoleic acids consumed only about a tenth as much 
OAV required ior one double bond. 

The «vstem leads to the loss of carotene, vitamin A, ascorbic acid, and 
chlorophyll. It also accelerates the initial reactions producing ‘‘rancidity.”’ 

* Enzyme Kesearch Laboratory Contribution No. 85. This work was done on 
Bankhead-Jones funds. Part of this work is from a thesis submitted to Georgetown 
University by Bernard Axelrod in partial fulfilment of the requirements for the degree 
of Doctor of Philosophy. 
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It« possible activity should ther lore he considered many etiort te 
foodstuffs Fortunately. this enzyme appears to be restrmicted m ifs of. 
currence in the plant world. Potatoes, asparagus, and wheat germ (1] 
contain small Amounts: legumes, such as alialia. and parti 
cularly soy beans contain a considerable quantity. The enzyme is moreover 
easily dest roved by heat or acid Commercial sov bean meal, a by preoxiuet 
of the preparation of soy bean oil, contains little or no lipoxidass 

In the work presented here, a quick and easy method for the measurement 
Ol the has described, based on the rate at which a em 
suspension is bleached. By the application of this method a notable puri 
fieation of the CnZVIne prepared irom sov bean meal has been achieved, 

A study of the purified enzyme has led to the finding that crude prepara 
tions are accompanied thermostable substance that increases the 
eatalvzed rate of oxidation of fats as well as of carotene and other secondary 
substrates, An approximate method for its estimation has been deve loped, 
by the aid of which considerable purification of the active substance was 
achieved. The purified material is free of ash and consists largely of one or 
more peptides, but iis the active substance has ver cry stalhized 
these may be merely impuritie~ 

There is some evidence that the action of the accelerating substance is on 
the fat, not on the enzyme. It may not, therefore, strictly speaking, be an 
“activator.” However, since this term has so frequently been emploved 
for any substance that hastens an enzyme action, it will be used here to refer 
to the accelerating substance in SOV beans 

Previous workers (6), using less purified enzyme preparations, tound that 
the rate of oxidation as measured by the coupled destruction of carotene 
varied with the fat present in such a way that, for most rapid oxidation. 
there was a sharply defined optimum quantity of fat. It is now apparent 
that this optimum was observed, because for larger doses of fat there was an 
insufficient supply of activator; for when both fat and activator are in- 
creased, the rate of oxidation with a given amount of enzgvme becomes 
nearly constant over a considerable range of fat concentrations. 

Among the many inhibitors of lipoxidase action, ervstalline purothionin 
(13) 1s specially potent. The inhibition is decreased by increasing the 
amount of fat and in other wavs resembles in reverse the action of the ae- 
tivator. Since purothionin appears to inhibit because of surface effects in 
the fat suspension, it is possible that the activator accelerates for similar 
reasons, 


The specificity of the fat oxidase has been dealt with by several workers 


‘ Another method of determining lipoxidase activity based on carotene destruction 
has recently been published by teiser and Fraps l2 The method presented here 
is much less cumbersome, since it obviates the necessity of extracting the carotene 
from the reaction mixture 
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lO). is dl Kled as to the susceptibility of olere acid to 
oxida t Pry cer yperiments, pure oleic acid was found not to be oxidized. 
A study of the behavior of exceptionally pure specimens of fats and fatty 
acids showed that out of a considerable number only linoleic, linolenic, and 
arachidonic acids (or esters) were attacked by lipoxidase. These acids were 
the onlv members of the “essential” fattv acids (16) available to us, and 
they were the only acids found to be oxidized. It ts therefore probable that 
the direct action of lipoxidase ix limited in nature to the hologically essential 
fatty ime wis 

This bends natturallv to the stigwestion that the essential tatty 
serve as intermediate entalysts in a <till undeseribed system ot tissue 
oxidation. Attempts to find such a evelic series of reactions have been 
hampered by the artificial conditions under which the enzyme has had to be 
le do ami no gad evidence has been found vet to stipport what appears 
io be a verv prot 

Purification of Sou Bean Lipoxridass gi. of finely ground SOV bean 
meal (Tokvo variety), which had been freed of fat by exhaustive extraction 
with petroleum ether, were suspended in 10 liters of cold water. The 
suspension was cooled to 7 enough mM acetic acid was added to adjust the 
pH to 5.1 to 5.2 and the solution was immediately filtered. The total 
filtrate (S300 mil.) was brought to pli O68 witha NaOH. Solid ammonium 
wilfate was added to 0.5 saturation. Without delay, am NaOH was added 
until the pI of the suspension was readjusted to 6.8. The precipitate was 
collected by centrifugation and dissolved in 500 ml. of H.O. On standing, 
this solution deposited a partly eryvstalline sludge which possessed insig- 
nificant enzyme activity and was discarded \mmonium sulfate was then 
added to O38 saturation. The addition was followed by tmmediate ad- 
justment to pll GS. The precipitate was discarded and the supernatant 
liquid made O.4 saturated. This precipitate was refractionated with am- 
monium sulfate at 0.35 saturation to remove the less soluble portion. The 
combined were made 0.45 saturated and the highly 
active precipitate so obtained was dissolved im water. The solution was 
dialyzed in cellophane tubing against cold running tap water until the test 
for sulfate was negative. The solution was next treated with a 2 per cent 
neutralized solution of ervstalline purothionin hydrochloride (13) until no 
more precipitation occurred. Considerable inactive material was removed 
by thix means. The supernatant was then subjected to further fractiona- 
tion with ammonium sulfate. Table I shows the result of these final steps. 
The precipitates obtamed nt 47 and saturation were combined and 
served as the souree of purified enzyme used in this work. The specific 
activity of thix preparation, based on protein N, is 115 times that of a 2.5 
per cent water extract of sov hean meal, 

Assay of Liporidas with Carotene As Indicator -(‘rystalline curotene 


‘ 
ad 


(10 per cent a- and 90 per cent 8-carotene) was purified by the method of 
Fraps and Kemmerer (17). A stock eolution mn per cent acetone-10 
per cent ethanol was prepared, containing 43 y of carotene and 100 ¥ of 
ethy! linoleate per mil. mil ot thy stock solution were run o2 ml ot 
phosphate buffer (50 ml. of H,O and 2.5 ml. of 0.66 w butter at pH 65 

The tip ot the pipette should be kept about 5 mm. above the surtace of the 
liquid. Shaking should be avoided. The SUSPension is si ible tor 20 to 30 


minutes. and is adversely affected by high room tempcrature and direct 


sunlight.’ 10 mi. of the carotene-tat Suspension were pincer In a tube 


suitable for use in the E-velvn colormmete: The enzyme to be assuved was 
pipetted into a 50 ml. Erlenmeyer flask and sufficient activator, or other 
desired material. and water added to give a final volume of 2 ml lhe eon- 


tents of the tube were poured into the flask, the two liquids mixed with a 


Pur fication of Soy Bean il 


‘ 
Ppt. at 0.43 saturation 

0.50 79 6 Ast) 

52.7 1s MS 


* Determined in the presence of an optimum amount oF p irihed a 


minimum of agitation, and the mixture poured back into the colorimeter 
tube. Colorimeter readings were made at 350, 15, or 60 seconds ‘The per 
cent of carotene oxidized at any time may be found from an appropriate 
calibration curve. 

1 unit of lipoxidase activity is defined as that amount of enzyme that 
bleaches 30 per cent of the carotene-fat suspension in 30 se onds under the 
conditions described for the assav. The accuracy was greatest when 2) to 
50 per cent of the carotene was dest roved in Secon 

Fig. 1 relates units directly to galvanometet readings. It represents the 
sufhement 


activator) acted On) the standard substrate SUSpcnsion at and 


readings obtained when a purified lipoxidase solution 


second intervals. 
2 It has since been found that a more stable Susy» neaion res sits when the carotene 


solution is run into water and t he buffer added just prior to the enzyme The is 


our present procedure 
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Measurement of Liporidase Action with Leuco Dyes—A number of leuco 
dves are readily oxidized by the oxidase-fat system and a method tor measur- 
ing the activity ol the enzyme Trt \ be based on the rate of development ot 
eolor. Such a scheme allows the use of so much indicator that the observed 
rate of reaction is practically independent of the concentration of indicator. 
This is not the case with the limited amount of carotene that can be used. 
Furthermore, a dve may be selected whose oxidation requires a known 
amount of oxvgen. The experimental set-up is therefore more flexible and 
deserves tuture attention. 

Leuco-o-chlorophenol indophenol was found to be a suitable dye for the 
purpose. The procedure followed that desenbed im the preceding section 
dealing with the oxidation of carotene, except that the solution of fat con- 
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Fic. 1. Photometric determination of lipoxidase activity when carotene-ethyl 
linoleate is used as substrate. 


tained no carotene, and the leuco dve, in aqueous solution, was mixed with 
the diluted phosphate buffer, An kv elyn Filter 635 was used. 

Vethod of katimating Formed the Fat The method is Cs- 
sentialiv that deserbed by Young, Vogt, and Nieuwland (1S) for the 
estimation of organic peroxides, except that the concentration of sulfuric 
ackd has been increased. A similar method has recently been recommended 
by Sumner (11) for issay ing lipoxidase, 

A substrate was prepared consisting of 50 ml. of water, 2.5 ml. of 0.66 
M phosphate buffer (pl 6.5), and 5 ml. of acetone containing the desired 
liprd. lOmil. of the substrate were placed in a 50 ml. flask. Another flask 
contained enzyme, activator, and enough water to make a total volume of 2 
ml. The contents of the two flasks were carefully mixed. At desired in- 
tervals. 2 m! portions of the reaction mixture were transferred to a colorim- 
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eter tube containing 10 mil. of the peroxide reagent ihe tubes were 


placed in water at 60° for 2 minutes and then cooled. The color value« were 
read in an Evelyn colorimeter with Filter 540 

A preliminary attempt was made to adapt this method to the UssaV ol 
lipoxidase. Ethy! linoleate, although useful in the carotene method. Was 
not satisfactory here. Its relatively low solubility permitted the measure. 
ment of only a very restricted range of enzvinw Linoleiw acid, 
Sumner, is not open to this objection, but commercial preparations are of tos 
uncertain composition to warrant their use in a standard method 

It does appear, however, that peroxide may be <lowly used up as well as 
lormed during the reaction. In experiments run tora considerable time. the 
peroxide content of the fat was actually observed to decreas when crude 
activator was used (hig 1 Curve B Siillmann (10) has shown that cur 
bony! compounds may also be formed from fatty acids through the action of 
lipoxidase, The peroxide content of the fat cannot therefore be taken asa 
measure of total oxidation 

Preparation and Estimation af Actiwvato preparation of activator 
suitable for many purposes was made bv rubbing 5 om. of fat-free “ov bean 
meal in ao mortar with ml. of water whding 2 mil. ol neetic acid 

The suspension Wiis heated to tor lO minutes hiltered amd Woes mei 
tralized just before use. 

A convenient means of estimating the activator was to ce termine the 
time required to bleach half of the carotene in the standard assa\ -Vstem 
both in the presence and absence of activator \n amount of purified 
enzyme was chosen which without added activator destroved half the 
carotene in 40 to 75 seconds Various quantities of the solution tobe tested 
were added to the system until the maximum velocity was observed. The 
potency of various solutions of activator could thereby be compared 
Since the crude preparation just desenbed was bee quite repre 
ducible, it was adopted as a temporary standard 

(‘oncentration of Actwator suspension of 330 gm. of tat-tree sow bean 
meal in 2 liters of water was stirred for 30 minutes. then brought to pli42 
with acetic acid, and next heated to boiling for 15 minutes Lhe super. 
natant liquid plus the additional solution obtamed se the say 
bean curd in cheese-cloth was filtered by suction through paper. \lereurie 
chloride (4 per cent in H,O) was added to the liquid until precipitation was 
complete. The precipitate was centrifuged out. Seven such precipitates 
were combined and mixed (by shaking with glass beads) with 1 liter of a 
solution of 1 per cent ammonium acetate and | per cent acetic acid in 


* This reagent consists of 2.5 gm. of ammonium thiocevanate, 5 ml. of concentrated 
sulfuric acid, 50 mg. of ferrous ammonium sulfate. and enough methyl aleohol to 


make a volume of 500 ml! 
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water. The precipitate was recovered by filtration, washed again as be- 
fore. and then suspended m ZOO mil. ol the acetate-acetic acid mixture. 
The suspension was decomposed by HS, the mercuric sulfide centrifuged 
out. and the liquid freed ot by a current of air. (C‘aprvle alcohol re- 
duced foaming. Half its volume of absolute aleohol was added to this 
liquid, and the precipitate removed by centrifuging. ‘The precipitate was 
washed with about its own volume of 33 volumes per cent alcohol, the 
washing being added to the previous supernatant liquid. The combined 
liquids were then made to 50 volumes per cent of aleohol by the addition ot 


absolute tleohol ‘The precipitate ~o) produced was washed with twice its 
volume of 50 per cent alcohol and the washings added to the supernatant 
liquid obtaimed in the previous operation. This liquid fraction contained 
most of the activator. It was precipitated bv raising the alcohol concen- 


tration to ‘H) per cent, centrifuged out, washed twice with 9@O per cent al- 
eohol. and dried in a vacuum over P.Os. The vield was 3.53 gm. of a 
shahtiv. v« llow material 

Character of Actiwvato kxtracts capable of mereasing the activity of 
puri ed hpoxidase wer obtamed trom Trani natural sources. Among these 
were barley malt, rice polishings, several legumes and other vegetables, 
veast, rabbit heart muscle, beef muscle, and milk. None ot these extracts 
chowed evidence of containing lipoxidase. Efforts to find a known organic 
subst with this activating efiect were unsuecesstul, \lanv of the 
amine acids. isolated members of the vitamin B complex, uracil, xanthine, 
adenine me the common Mmorgunic bons except phosphate were all without 
action 

Although phosphate buffer by itself has little effect, its presence very 
markediv reduces the amount of concentrated actavatol needed for optimum 
reaction (‘itrate also spares activator, but not so markedly is 
phosphate 

The concentrated material obtained as described from soy bean meal 
consisted largely of peptides. It contained 16.2 per cent N and 0.068 per 
cent P. Positive tests were obtained with ninhydrin, Sakaguchi’s reagent 
for arginine. Millon’s reagent, biuret reagent (rose color), and nitro- 
prusside (after NaCN). Further evidence of a protein-like nature ts shown 
by inactivation through digestion with papain. 

Ultraviolet absorption was observed at 270 to 285 mu, the tvrosine and 


tryptophane region, but there was no indication of purine absorption. The 
Moliseh test and the thiochrome reaction were negative. The material 
contained less than 0.05 per cent of iron and less than 0.01 per cent of 
manganese. It had no influence on the rate of oxidation of pyrogallol by 
highly purified horseradish peroxidase and hydrogen peroxide. 

The sow bean activator accelerated oxidation of all the oxidizable tats 
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tested, provided, however. that it was added either to the enzyme or to the 
fat suspension before the addition of the enzyme. The efiect was observed 
by the rate at which an indicator like carotene or a leucoindophenol was 
oxidized, and also by measurement ol the peroxide content ot the tat itself, 
The enzyme protein had a very slight activity alone, owing possibly to in- 
complete removal of the activator during purification. When the enzyme 
was heated with acid, as described in the preparation of crude activator 
from soy bean meal, the resulting solution had no measurable activating 
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Fic. 2 The first order nature of the coupled oxidation of carotene in the presence, 
but not in the absence, of the activator Curves A, B, and C represent 30, 45, and @ 
second reaction times respectively, in the presence of activator. Curves A’, B 


and represent corresponding results in the absence of activator 
carotene concentration, z carotene destroyed 
Fic. 3. The upper curve represents peroxide formation when various amounts at 


linoleic acid are Use d in the presences of the « orresponding Ss oF 
tivator: the lower curve, peronrt formation when | fixed of pti- 
mum for 1 ng. of fat) is used with various amounts ot tat Neaction time, 2 minutes 
6 units of lipoxidase were used 


effect. thus indicating that the amount of activator present in purified 
enzyme is probably small, 

The presence of activator appears to change the kinetics of the oxidation 
of carotene, as shown in Fig. 2. The activated reaction is monomolecular 
and the velocity constant is directly proportional to the concentration of 
enzyme. This is not the case when purified enzyme ts used without added 
activator. The complexity of the reaction, however, allows many e% 
planations of these data. 

The amount of actin ator needed produce peroxide formation 
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ina given time depends Upon the quantity ot tat present. lt activator and 
enZvVvitne are both held constant, the maximum peroxide formation occurs in 
the presence of a detinite quantity of fat. lather increase or decrease in the 
amount of fat results in a decrease in the peroxide formed. The existence of 
an Optirntin in the fat concentration, as determined bv the rate of carotene 
destruction, has been reported other workers he using nu constant 
quantit: of crude enzyme also used a constant quantity ot activator along 
with if llowever. when the activator was increased lowe ther with the fat, 
the rate ol oxidation tincereased with substrate concentration until the ‘zero 
order’ reaction stage was reached (as is usual in enzyme actions), and the 
“fat concentration optimum’ became at least \ ery broad. Crude activator 


was used In these expermments (Fig. 3). 


Tasie Il 


Activator (Crade Filtrate) Required for Maximum Peroxide Formation* with Various 
Concentrations of Linoleic Acid 


Experiment Linoleic acid Enzyme Activator 
mi 
\ 0.2 6.0 0.2 
1.0 6.0 1.0 
2.0 6.0 1.5 
3.0 6.0 1.9 
5.0 6.0 2.5 
10.0 6.0 4.0 
1.0 0.75 1.0 
1.0 1.5 0.8 
1.0 3.0 0.8 
1.0 6.0 0.8 


* Reaction time, 2 minutes. 


The dose of activator may therefore be increased to compensate for an 
increase in fat. Large doses of activator are apparently inhibitory, giving 
in effect a broad optimum of activator concentration. ‘The smallest amount 
of activator required to produce the maximum peroxide formation at a 
given time may therefore be roughly determined. This relationship is 
shown in Table Il. Furthermore, it is shown that this amount is independ- 
ent of the amount of enzyme present, within experimental limits. 

The “activating” effect of the filtrate from boiled suspensions of sov bean 
meal is quite different from that of the purified preparation made therefrom. 
The purified material is about 10 times as effective as the crude (on a dry 
weight basis) when used in the usual carotene-ethy] linoleate svstem; that is, 


in the presence of a cosubstrate and a small amount of fat. If, however, fat 
is the only substrate present, and the progress of oxidation is measured by 
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the production ot peroxide, the action appears to be very complex, as shown 
in Fig. 4. Peroxide formation is Taster with crude than with purified ma- 
terial (Curves B’ and C’), hut in the former case there is idence ot sub- 
sequent peroxide destruction. After the first lev minutes the total per- 
oxide present remains nearls constant, while with the purified maternal 
total peroxide eontinues to increase ior a long time, and entualls reaches 


much higher values. 


? 
J 
“~ 
7 
4 
2* 
Fic. 4. (comparative effect of optimum amounts of eT vie and p infied activator 
curves was obtained with 15 units of lipoxidase per determination (Curve A’, ne 
activator; (urve mi of crude activator, ( urve me act 
vator. The lower aet of curves obt “ned with ut peer 
mination: Curve A no activator, urve of erude act stor: Curve ¢ 05 


mg. of purified activator. of crude 


determination. 


of the crude til- 
‘The tactor 


It theretore probable that the ating 


trate is due in part to a lactol removed during purthiecation 


may involve a mechanism whereby the enzyme itseli is destroved when its 


in which case the purified material is merely 8 


activity becomes very great 
Lion le vuling to the rapid 


“protector ), or it mins | secondar's rei 


disposal ot the peronids formed. it possible tle this tion, and 


further study is planned. 
tlect of Purothionir po. da 


iclior protamine, isolated 


9 
‘ 


BALLS. AXELROD, AND KIES 


from wheat flour (13), inhibits oxidation under conditions curiously like 
those under which the activator accelerates the reaction. For example, the 
protamine was found to be very inhibitory when about | part per million 
wis aided to the substrate used for the regular assay. It, however, the 
protamine was added first to the CHnZVIne plus erude activator, practically 
no inhibitory effect was observed (Table HI). The presence of salts was 
alee necessary for inhibition to take place. Thus, when active enzyme was 
added to fat and purothionin in water, oxidation occurred, The subse 
quent addition of phosphate buffer made no difference. But if the salt was 
ulded to the svstem before the enzyme, oxidation was prevented (Table IV). 


Ill 


Fear eit Carole rie fir dat hy Purothionin 


yed in 
ry tive subsater ite Os 
+ 10 y purothionin) + substrate 
seubetrate - purothionin 5 


IV 


Pils of Carole rid firidation hy Purothionin 


er cent carotene 


_ bleached in 60 sec. 
buffer (0.5 ml 7 
it) 05 
O5 ) added after enzyme 65 
ag 
l 75 me 
Nat" N\ 13 


\ further illustration of the extent to which surface effects appear to be 
involved in the lipoxidase svstem is shown by the dependence of puro- 
thionin inhibition upon the amount of fat present. Just as more fat re- 
quires more activator tor ifs oxidation, so more protamine is required to 
inhibit that oxidation (Table V The action of the purothionin ts to 
block the initial fat oxidation, as is shown by determination of the peroxide 
formed. 

Specificity of Liporidase — The oxidation of pure fats by the purified en- 
zyme was found to be highly speecttie \« <hown in Table VI, oxidation was 


confined! hay than double but lil not oecur with 


ae 
3 
7 
i 
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all of these. Licanic acid was not oxidized, although it contains three. It 
is noteworthy that the only acids found to be oxidized belong to the group of 
“essential” fatty acids (16) and that oxidation did occur with each of the 
three members of this group we were able to test 


V 
Effect of Increased Fat on Inhitition by IP thianis 
Pur 
ner tube Pat per 
7* | “4 
10) 
VI 
Oxidation of neaturated Fatty Acide and Eaters by Soy Kean poridase* 
Perovite for 

Methy! oleate 5 0 

Oleic acid 

Erucic 

Hexadecenoic acid 
Ethyl! linoleatet 2 2 
Linoleic acid (pure 2 10.3 
(commercial ) 2 0 
Linolenic “* 2 2 6.5 
Methyl arachidonate} 2 15.3 
esters of menhaden oi! 2 14.4 


*3 units of lipoxidase were used 
+ Prepared from tetrabromostearic acid (20 
t The initial peroxide value of this quantitv of tat Was high ipproxmmately 
19.9 K 10-4 milliequivalent of Fe 
§ From the preparation deacribed byw \lowry. Hrode. and Brown (21) 
lodine No. 330. 


Attempts to tind a system in which the tat acts as an intermediary carner 
of oxidation have till now been unsuccessful. As an illustration of this, the 
amount of leuco-o-chlorophenol indophenol oxidized was found to vary with 
the amount of fat (Table VII). After 60 seconds the reaction with lipox- 
dase was complete or nearly so, and purified peroxidase (devoid of lip- 
oxidase activity) was added. More of the leuco dve was oxidized thereafter, 
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but the total amount of dve oxidized depended upon the amount of tat 
present, thus showing idence ora cy che SVastem 

Discussion of Mode of Action of System—The inhibitory effect of fat sus- 
pensions in the absence of activator leads to the supposition that fat and 
enzyme combine, and that such a combination is inactive. This supposition 
would explain why the activator is not effective when added to the system 
after the enzvime Phe activator mia\ therefore act as a protective agent for 
the enzyme, perhaps against the fat peroxide (or its more active precursor), 
or yl ng surtace denaturation ot the enzvine protein on the fat 
particles k-videnece that acceleration may be brought about in the latter 
manner rests on the observation that the presence of activator protects 
solutions «of purified enzyme im water against destruction by shaking. 
Further evidence is found in Fig. 4. On the other hand, the crude sov bean 

lance VII 


Coupled firidatian of ro phe nol Indo phe nol hy Liporidase and Ps roxridas: 
through Linoleic Aeneid 


Lipoxidase and peroxidase 
In 120 sec. \t end Dome 
mi 
TLE Reaction complete 7.5 
7.5 net complete) +4 


* Each colorimeter tube contained 1.33 mg. of leuco dye, linoleic acid, about 30 
nite of lipoxidase, and 1.58 * 10°? unit (22) of purified horseradish peroxidase in a 
volume of 13 ml. of 0.01 wt phosphate, pli 6.5. 


filtrate contains some factor that definitely accelerates one or more of the 
reactions occurring in this system 

It seems unlikely that activator and enzyme form a complex which ts 
stable when joined to the fat. for in that case a quantity of enzyme fully 
activated for one amount of fat should produce no less effect on a greater 
amount. It is pertinent to this question, however, to remember that the 
only fats attacked contain two double bonds with an intervening saturated 
earbon atom.‘ It is conceivable that the two necessarv double bonds must 
be so spaced that both exist at the fat-water interface. In such a case the 
old two anchorage theory of von Euler and Josephson (23) might apply; at 
one double bond the enzyme is attached, at the other, the activator. Since 


‘A previous view (14, 15) that one double bond (the 9-10 bond, cis configuration) 
in a fatty acid is sufficient to define an oxidizable substrate must be abandoned, for 


oleic acid is not oxidized. 
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oleic acid and similar substances are definitely inhibitory, this may designate 
the site of enzyme attachment. 

On the other hand, the question of speciiicity may be linked sunply with 
the oxidizability of the substrate. It is well known, for instance, that 
linoleic and linolenic acids are far more susceptible to non-enzymatically 
catalyzed autoxidation than oleic acid (24, 25). 

It is probable that the action of lipoxidase is confined to the “essential” 
fatty acids. If this is the case, it is also probable (but quite unproved) that 
the réle of such acids in anima! metabolism is one of intermediate catalysis 
in some form of tissue oxidation. 


The work on the specificity of lipoxidase required the use of very pure 
specimens of fatty acids or their esters. It is a pleasure to thank Dr. W., 
G;. Rose and Mr. C. E. Swift of this Bureau for the specimens of licanie 
acid and methv! oleate used in this work and for tetrabromostearic acid 
which was used in the preparation of ethyl linoleate. The other fatty acids 
and esters used were furnished by Dr. J. B. Brown of The Ohio State Uni- 
versity to whom we are very grateful. Our thanks are also due to Mr, 
M. K. Walden of this Laboratory for his valuable assistance throughout 
the work. 
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THE PREPARATION OF DEUTERIO CHOLESTEROL* 


By KONRAD BLOCH ano D. RITTENBERG 


(From the Department of Biochemistry, College of Physicians and Surgeons, Columbia 
University, New York) 


(Received for publication, June 14, 1943) 


The study of chemical transformations in the living cell with the aid of 
the isotope technique requires the preparation of deuterio compounds which 
contain deuterium atoms linked to carbon atoms. The carbon-deuterium 
linkages must be stable in the sense that the deutertum atoms will not be 
replaced by hydrogen atoms on solution in water. In the case of simple 
organic compounds, standard synthetic procedures will often give the 
desired compound. The conversion of oleic acid into 9,10-dideuterio 
stearic acid by the catalytic reduction with deuterium is a simple matter; 
the preparation of C,;D4COOH would obviously be more difficult, as no 
appropriate hydrogen-free starting substance is available. Its total syn- 
thesis from carbon and deuterium, though conceivable, is certainly not 
practicable. These considerations apply with even greater force to com- 
plicated natural products, such as the sterols. 

Experiments with heavy hydrogen have revealed a new type of chemical 
reaction, the exchange reaction, which can be utilized for the preparation 
of deuterio compounds. The general exchange reaction may be written, 


AH + DY = AD+ HY 


In the water system where Y is either OH or OD, the rate of reaction will 
depend on the nature of the linkage between A and H. If the hydrogen 
atom is attached to a paraffinic carbon not adjacent to carbonyl groups, 
the reaction rate is negligibly small. Cholesterol and fatty acids do not 
exchange even at elevated temperatures (1), but in the case of fatty acids 
this reaction may be catalyzed by active platinum (2). 

When platinum is used as the catalyst, the organic compound is sus- 
pended or dissolved in heavy water and heated at as high a temperature 
as is consistent with its stability. Deuterium of the heavy water exchanges 
with the hydrogen of the organic compound. The reaction, of which the 
detailed mechanism is not known, proceeds well with hydrocarbons (3) 
and aliphatic acids (2) though not with alcohols (4). 

During the study of the metabolism of cholesterol the need arose for 
deuterio cholesterol. The only obvious approach to its preparation was 


* This work was carried out with the aid of a grant from the Josiah Macy, Jr., 
Foundation. 
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an exchange reaction with natural cholesterol. Many attempts in this | 
direction were unsuccessful. When suspensions of cholesterol in heavy 
water were heated in the presence of active platinum, no exchange took 
place, even at 200°. Increasing the solubility of cholesterol in the medium 
by addition of aleohol was without effect. In other experiments, selenium 
was tested as a catalyst for the reaction. At temperatures below the point 
at which cholesterol is rapidly dehvdrogenated by selenium, a slow exchange 
was observed. 

Greater success Was encountered with mixtures of water and acetic acid 
in which the platinum-catalyzed exchange reactions were found to proceed 
at a rate sufficient to give the desired deuterio cholesterol in practical yields. 
Degradation of this cholesterol (5) indicates that deuterium has been intro- 
duced into both the ring structure and the side chain. No exchanges 


Selenium-Catalyzed Exchange Reaction 


om. gm. | el. | | 

1 | i 86 as 110 72 0.22 0.1 

2. 10 | 02 | O38 230 ‘ 1.7 0.8 

st | 5.0 | 5.0 | 100 ‘ 220 2 0.0 «= 0.6 

s¢ | 2.0 | 0.85 | 2 ‘ 125% 00 6.0 


per cent D in cholesterol 
per cent D in water 

+t 10 ml. of ethy! aleohol were added to increase the solubility of cholesterol. 

t 25 ml. of ethyl aleohol were added to increase the solubility of cholesterol. 


* Atom equivalents = x 6. 


occurred with cholestery!] chloride and i-cholestery! methy! ether in heavy 
water in the presence of active platinum. 


EXPERIMENTAL 


Selenium Catalysis—Several exchange reactions were carried out in the 
presence of selenium, which is known to dehydrogenate cholesterol at 320°. 
It was thought possible that at lower temperatures the hydrogen atoms of 
the cholesterol would be sufficiently activated to permit exchange with 
the water. The results of these experiments are shown in Table I. In the 
eighth column are given the deuterium concentrations of the isolated 
cholesterol samples. In the last column is calculated the number of hydro- 
gen atoms of the cholesterol which have exchanged on the assumption 
that the partition coefficient of the deuterium between cholesterol and 
water is 1. In Experiments 3 and 4 alcohol was added to increase the 
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solubility of cholesterol in the medium. In Experiments 2 and 3 there was 
a smal! exchange, but the reaction was obviously very slow. In Experi- 
ment 2 the volume of water emploved was so small that at 230° it was 
all present as vapor. 

The experimental data of the exchange reaction in acetic acid-water 
mixtures are given in Table Il. The procedure employed in the isolation 
of cholesterol from such reaction mixtures will be illustrated by one repre- 
sentative experiment (No. 5, Table I1). 1.25 gm. of platinum oxide sus- 
pended in a mixture of 40 ml. of deuterio acetic acid (containing 60 atom 


Tassie Il 
Platinum-Catalyzed Exchange Heaction of Cholesterol with Deuterium Oxide in 
Acetic Acid 
| | | Plati | | 
camcen, | Tm | water | rection, | 
| | digitoni 
| atom | 
1 | 000 | 127 | 2 | 0.15 | I7f | 0.38) 1.0 | 68 37 
2 70 127 | 2 | 0.15 | | 0.86 | 13 | 58 25 
3 70 | 17 | 2 | 0.15 | | 088) 13) 
4 | 17 | 2 | 0.2 | (1.80 2.8 
| 70 | 17 | 3 | 0.10 | 100 | 4.16; 1.9 45 
6 70 | 170 | (0.30 | 88 5.70 | 3.0 | 12 
7 70 | 127 6 | 0.158 | 6.75; 0.29, 20) | 15 
8 7 | 127 | 6 | 0.20 | 038/26) | 12 
a 70 | 100 | 6.75) 0.07 0.5 | 70 50 


* Except in Experiments | and 5, normal acetic acid was used for the exchange 


reaction 
t Atom equivalents = x 46. 
per cent D in water 


t Atom per cent D in carbon-bound hydrogen of deuterio acetic acid. 


per cent DD) and 13 mil. of 99 per cent DO were reduced with ordinary 
hydrogen; the excess hydrogen was replaced by nitrogen and 12.5 gm. of 
cholesterol were added to the mixture. The reaction flask was evacuated, 
sealed, and shaken for 3 days in an oven at 127°. The solvent was distilled 
off in vacuo; the residue, which contained appreciable amounts of choles- 
teryl acetate, was taken up in ether, filtered, evaporated, and treated with 
400 ml. of 95 per cent ethanol containing 8 gm. of potassium hydroxide 
for 4 days at room temperature. The alcoholic solution was chilled, the 
crystals were filtered off, and a second crop was obtained by concentrating 
the filtrate. A third crop was secured from the mother liquor by dilution 
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with water and extraction with ether. The combined crude sterol frae- 
tions (7.5 gm.), after several recrystallizations from acetone, vielded 
4.9 gm. of cholesterol, m.p. 148° corrected, fa]”® = —39° (2 per cent in 
chloroform). 

From the combined mother liquors more sterol was precipitated by digi- 
tonin, regenerated, and purified via the dibromide. The resulting 0.6 gm. 
of cholesterol, m.p. 147.5° corrected, brought the total yield to 5.5 gm. or 
44 per cent. The deuterium concentration was 4.16 atom per cent excess, 
The effects of changes in temperature, time, acetic acid concentration, and 
amount of active catalyst are given in Table II. In Experiments 4 and 6 
acetate was isolated as silver deuterio acetate, the samples of which con- 
tained 6.9 and 9.9 atom per cent deuterium, respectively. 

To ascertain the relative distribution of deuterium in the molecule, the 
deuterio cholesterol of Experiment 5 was converted to cholestery! chloride 
and subjected to thermal degradation as described previously (5). The 
hydrogen in the resulting mixture of isooctane and isooctene showed a 
higher level of deuterium than that of the hydrocarbon Cy Hy, although 
more isotope was actually present in an equimolecular quantity of the 
latter. 


4.93% D, 18 K 0.0193 O.SS7 atom D 
3.66% 0.0366 1.098 atoms “ 


The deuterium content of a compound made up of the fragments of CsHy, 
and C,H30, as calculated from their isotope content, would be 4.14 per cent. 
This theoretical value agrees closely with that observed for the deutero 
cholesterol. 


DISCUSSION 


The resistance of cholesterol to exchange reactions cannot be due to the 
inhibiting action of the alcohol group, since cholestery! chloride and #-cho- 
lestery] methyl ether, neither of which contains a hydroxy! group, do not 
undergo the exchange reaction.’ Nor is it a general property of all ste- 
roids.2. Mutual solubility of reactants is not necessary for an exchange 
reaction. For example, Horrex and Polanyi have shown that the water- 
cyclohexane exchange is readily catalyzed by platinum (3). However, the 
addition of acetic acid to the water-cholesterol-platinum system accelerates 
the exchange reaction. Simultaneously it leads to a marked destruction 
of the cholesterol molecule. Comparison of Experiments 1, 2, 3, and 4 


Unpublished experiments. 

? When 0.9 gm. of desoxycholic acid, 6 cc. of water containing 6.75 atom per cent 
excess D, and 0.5 gm. of active platinum were shaken for 5 days at 112°, there was 
introduced into the acid 0.43 atom per cent excess deuterium. 
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illustrates the effect of varying acetic acid concentration. As the concen- 
tration of acetic acid is lowered, the number of deuterium atoms introduced 
rises from | in 100 per cent acetic acid to 1.3 in 70 per cent acetic acid, to 
2.8 in 50 per cent acetic acid. At the same time the'yield of digitonin- 
precipitable sterols, as well as of cholesterol itself, drops sharply as the 
acetic acid concentration is lowered. The decomposition proceeds so far 
that in 50 per cent acetic acid-water mixture only 5 per cent of the choleste- 
rol could be recovered. It appears from all the experiments that the rate 
of introduction of deuterium into the cholesterol is roughly parallel to the 
extent of decomposition. This rate can be affected by change of tempera- 
ture (see Experiments 7 and 9), acetic acid concentration (see Experiments 
1, 2, 3, and 4), and amount of platinum (see Experiments 7 and 8). Pos- 
sibly the two processes have some common steps; activation of the choleste- 
rol molecule sufficient to allow exchange must be of such a nature as to make 
it possible for irreversible chemical reactions to occur.’ 


SUMMARY 


1. Treatment of cholesterol with heavy water and selenium leads to a 
slow introduction of deuterium into the molecule. 

2. Platinum is unable to catalyze the exchange between cholesterol and 
water alone, but the addition of acetic acid to the water-cholesterol- 
platinum system results in an exchange reaction. 

3. Deuterium is introduced by this reaction into both the side chain and 
the ring system of cholesterol. 

4. Simultaneously with the exchange a destruction of cholesterol occurs. 
The destruction seems to run parallel to the amount of deuterium introduced 
into the remaining cholesterol. 
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* The chemical nature of the products formed during the treatment of cholesterol 
in acetic acid solutions with active platinum is under investigation. 
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THE BIOLOGICAL CONVERSION OF CHOLESTEROL TO 
CHOLIC ACID* 
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(From the Departments of Biochemistry and Surgery, College of Physicians and 
Surgeons, Columbia University, New York) 


(Received for publication, June 14, 1943) 


It has recently been demonstrated (1) that acetate is utilized for the 
in vivo synthesis of cholesterol, but the mechanism by which steroids are 
formed by animal tissues is unknown. No evidence is available as to 
whether bile acids and steroid hormones arise independently by a similar 
condensation of small molecules or whether they are products of cholesterol 
metabolism. 

Of the three types of cyclopentenophenanthrene derivatives, cholesterol 
is the most abundant in the animal organism and, in contrast to bile acids 
and hormones, is found in all tissues and body fluids. Cholesterol is con- 
tinuously being synthesized from small molecules and the total amount of 
sterol in the animal body appears to remain rather constant under normal 
dietary conditions. Data on the rate of bile acid production in the intact 
animal are not available, as accurate determinations of the relative propor- 
tions which are reabsorbed or excreted in the feces are not feasible. The 
balance type of experiments could, therefore, hardly be expected to provide 
an answer as to the biological relationship between sterols and bile acids. 
Attempts to correlate cholesterol supply and bile acid production in ani- 
mals with fistulas have been unsuccessful (2,3) and experiments of this type 
have never been carried out with intact animals. 

It was thought that cholesterol labeled with deuterium should be of aid 
in throwing light on the relationship between cholesterol and bile acids; 
appearance of deuterio cholic acid after its administration would constitute 
clear evidence of direct conversion. This substance, prepared by the 
method described in the foregoing article (4), was administered to a dog 
previously cholecystonephrostomized by the procedure of Kapsinow (5). 
Since sterol absorption after oral administration was uncertain under the 
experimental conditions, the deuterio cholesterol was given by intravenous 

Cholic acid isolated from urine collected during the experimental period 
was analyzed for deuterium. After careful purification, the absence of 
deuterio cholesterol as a contaminant was demonstrated by the ‘washing 


* This work was carried out with the aid of a grant from the Josiah Macy, Jr., 
Foundation. 
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out” procedure (6), with ordinary cholesterol. It is evident from the data 
in Table I that bile acid had been formed from cholesterol. 

3 days after the last administration of deuterio cholesterol, the dog was 
exsanguinated and cholesterol was isolated from the blood and various 


Taste 
Atom Per Cent Excess Deuterium in Cholic Acid and Bile Cholesterol after Intravenous 
Injection of Deuterio Cholesterol (4.10 Atom Per Cent Excess Deuterium) 


Sample No. | Days alter let injection Cholic acid Bile cholesterol 
I 1,2 0.17 0.13 
il 4 0.24 0.50 
lll 5, 6 0.16 0.2 
Il 


Atom Per Cent Excess Deuterium in Tissue Cholesterol after Intravenous Injection of 
Deuterio Cholesterol (4.16 Atom Per Cent Excess Deuterium) 


Organ exces. Organ 
Red blood cells 0.31 Pancreas 0.235 
Plasma... 0.33 Adrenals 
0.71 Omentum 
Kidney. 0.31 Testis 0.15 
Lungs 2.00 Brain 0.00 
Heart. 0.39 Spinal cord 0.0 
Spleen 0.46 
Tassie Ill 


Atom Per Cent Excess Deuterium in Fecal Sterols Excreted after Intravenous Injection 
of Deuterio Cholesterol 


Days after Ist injection De in fecal stero! 


0.00 
2 0.04 
0.13 
6 0.17 


organs. The isotope concentrations found in these samples of cholesterol 


are given in Table II. 
The feces were collected during the experimental period. Total sterols 
were isolated from 24 hour specimens. The isotope concentrations found 


in these samples are given in Table IIT. 
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EXPERIMENTAL 


In a male adult dog weighing 10 kilos an anastomosis of the gallbladder 
to the pelvis of the right kidney was established and the common duct 
doubly ligated and divided. The dog was kept on a diet of raw beef. 
2 weeks following the operation, the animal received daily by intravenous 
infusion an emulsion of | gm. of deuterio cholesterol containing 4.16 per 
cent D, for 3 consecutive days. The ring system of this cholesterol con- 
tained 3.66 atom per cent excess D and the side chain 4.93 atom per cent 
excess I) (4). 1 gm. of sterol and 1 gm. of lecithin were suspended in 
100 ml. of 0.05 mM phosphate buffer, pH 7.3, and emulsified with the aid of 
a Waring blendor. Homogeneous, filtrable emulsions were thus obtained. 
100 ml. of emulsion were administered by infusion into the femoral vein 
in the course of 30 minutes. The dog was placed in a metabolism cage and 
kept for 3 days following the last injection, when it was killed. Urine 
and feces were collected during the experimental period. 

Isolation of Cholic Acid—Urines of 48 hour periods were pooled, acidified 
with dilute sulfuric acid, and extracted continuously with ether for 24 hours. 
The ether extracts were brought to dryness and the residue was saponified 
by being heated in 20 per cent aqueous NaOH solution for 24 hours on the 
steam bath. After exhaustive extraction with ether to remove unsaponi- 
fiable material, the alkaline solution was acidified and the mixture of bile 
acids and fatty acids was taken up in ether. The ether was distilled off, 
the residue was dissolved in dilute ammonia, and saturated barium hy- 
droxide solution added until no more precipitation occurred. The barium 
salts of desoxycholic acid and fatty acids were removed by filtration, and 
the cholic acid was extracted with ether from the acidified filtrate. The 
ethereal solution was dried and concentrated, when cholic acid crystallized 
out. In order to eliminate any possible contamination with deuterio 
cholesterol, the cholic acid was redissolved in ether and twice the weight of 
ordinary non-isotopic cholesterol was added. The ether solution was then 
extracted with dilute sodium carbonate and the alkaline solution acidified. 
The precipitated cholic acid was taken up in ether, and the ether solution 
was dried and brought to a small volume. Cholic acid crystallized from 
the solution. 

Of the three cholic acid samples isolated from the dog urine, Samples I 
and III were treated in this manner, whereas Sample II was not “washed 


out. 


The analytical data for the cholic acid samples were: 


Sample I1—C 70.5, H 9.5, m.p. 198° 
Sample 11—M.p. 190° 
Sample 111—C 71.0, H 9.6, m.p. 199° 
Caleulated. C 70.6, HOS 
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The deuterium concentrations found in the cholic acids are listed in 
Table I. 

Isolation of Cholesterol from Urine—The ether extracts obtained from 
the alkaline hydrolysate of the initial urine extracts were brought to dry- 
ness, taken up in alcohol, and precipitated with digitonin. Sterol Samples 
I, II, and III were extracted from the same runs as cholic acid Samples 
I, II, 111. Total amounts isolated from urine were, Sample I, 37 mg. of 
sterol; Sample I], 15 mg. of sterol; Sample II], 42 mg. of sterol. These 
samples are referred to as bile cholesterol and their deuterium concentra- 
tions are given in Table I. 

Isolation of Fecal Sterols—The feces collected during a 24 hour period 
were dehydrated by two acetone extractions and then extracted with ether 
continuously for 24 hours. The ether and acetone extracts were saponified 
with 10 per cent alcoholic KOH and an aliquot of the unsaponifiable mate- 
rial precipitated with digitonin. For deuterium analysis the sterol digito- 
nides were burnt. The isotope concentrations of the sterols were calculated 
from that of the sterol digitonides and are given in Table IIT. 

Cholesterol from Tissue Constituents—The tissues were saponified with 
10 per cent potassium hydroxide in ethanol and cholesterol obtained from 
the unsaponifiable fraction in the usual fashion. Cholesterol was isolated 
either as the digitonide or, when sufficient material was available, reerys- 
tallized as the free compound until the melting point reached 147°. The 
isotope analyses of the cholesterol samples are given in Table IT. 


DISCUSSION 


The concentrations of deuterium present in all three samples of isolated 
bile acid are significant and of the same order of magnitude as those of blood 
and “bile” cholesterol.'' Specifically, the cholic acid excreted during the 
last 48 hours before the killing of the animal contained one-half as much 
deuterium as the cholesterol excreted simultaneously and also one-half 
as much as the blood cholesterol immediately before the death of the dog. 
In contrast, the liver sterol contained 4 times as much isotope as this par- 
ticular sample of cholic acid. 

A conversion of cholesterol to cholic acid would necessitate shortening of 
the sterol side chain by 3 carbon atoms, introduction of hydroxy! groups at 
carbon atoms 7 and 12, saturation of the 4** double bond, and epimeriaa- 
tion of the hydroxy! group at carbon atom 3. 

Assuming that in the administered deuterio cholesterol all the hydrogen 
atoms of the isoocty! side chain have the same average isotope concentra- 
tion, 7.e. 4.93 per cent, and that all carbon-bound hydrogen in the nucleus 


‘ Since the quantities of urinary sterol excreted by normal animals are insignifi- 
cant, the sterol appearing in the urine under our experimental conditions may be 
assumed to be of biliary origin. It is therefore referred to as bile cholesterol. 
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contained an average of 3.66 per cent deuterium (4), it will be possible to 


calculate the isotope concentration of cholic acid if formed from cholesterol. 
This value will obviously depend on the chemical reactions taking place 
in the transformation, but in any case the cholic acid will of necessity con- 
tain less deutertum than the cholesterol from which it is formed. A mini- 
mum of 5, and possibly 6, normal hydrogen atoms will be introduced into 
the nucleus in the course of the following reactions. (1) Oxygen atoms, 
with normal hydrogen, are introduced at positions 7, 12, and 24 respec- 
tively, ¢.c. 3 normal H atoms. (2) Saturation of the A‘* double bond in 
cholesterol involves uptake of 2 normal hydrogen atoms. (3) If the 
epimerization of the hydroxy! group at carbon atom 3 were to involve the 
intermediary formation of a 3-keto compound, at least 1 isotopic hydrogen 
atom would be replaced by a normal one. On the other hand, epimeriza- 
tion may be the result of a Walden inversion which could occur without 
loss of deuterium. A cholic acid formed as the result of these reactions 
could retain 8 of the hydrogen atoms (with 4.93 atom per cent D) originally 
present in the cholesterol side chain and 27 hydrogen atoms of the original 
nucleus containing 3.66 atom per cent D2, while at least 5 hydrogen atoms 
were derived from the normal hydrogen of the organism. Its deuterium 
content will then be at most 83 per cent of that of the cholesterol from 
which it was formed. Thus the cholic acid excreted during the last 48 
hours of the experiment could not have contained more than 0.24 per cent 
D if derived from the circulating cholesterol (7.¢. that of plasma, red cells, 
and bile) and not more than 0.59 per cent D if the liver cholesterol had 
served as the immediate precursor. The cholic acid actually contained 
0.16 per cent D, te. respectively shout two-thirds and one-quarter of 
these values. These values* were arrived at by correcting only for those 
isotopic hydrogen atoms which must have been lost by reactions (1) and 
(2) (above). Additional loss of deuterium could be visualized if the intro- 
duction of hydroxy! groups at carbon atoms 7 and 12 involved either desatu- 
ration and subsequent hydrogenation or intermediary formation of 7,12- 
keto compounds as precursors of cholic acid. 

Cholesterol had evidently been deposited in the liver, since at the end of 
the experiment, 3 days after the last administration of deuterio cholesterol, 
the liver sterol still contained more than twice as much isotope as the 
circulating cholesterol. Thus the replacement of cholesterol present in the 
liver by newly formed cholesterol proceeds at a slow rate, indicating a low 
metabolic activity of the sterol deposited in the liver following the intra- 
venous sdministration of deuterio compound. It cannot be decided 


* Dilution of the bile acids newly formed by those originally present must have 
been insignificant, since bile had been excreted by the dog for 2 weeks before deuterio 
a was administered and ligation of the bile duct prevented reabsorption 

bile acids. 
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whether the deposition of relatively inert liver cholesterol was due to the 
fact that cholesterol and not cholesterol ester was administered. The 
finding that the red blood cell cholesterol (which consists of free cholesterol 
only) and the plasma cholesterol (two-thirds of which is esterified) contain 
identical isotope concentrations seems to exclude this possibility. 

The cholesterol excreted with the bile, having the same isotope value 
as that of the blood and only about 40 per cent of that of liver cholesterol, 
can hardly be of hepatic origin. The function of the liver with regard to 
bile cholesterol seems to be excretory only. 

Similarly, the bile acids, though formed in the liver, could arixe from the 
circulating cholesterol as the immediate precursor rather than from that 
stored in the liver. Our data on the relative isotope concentrations in 
circulating cholesterol and cholic acid do not belie such a concept, although 
they supply no proof for it. 

The deuterium concentrations found in the cholesterol of various tissues 
of the animals represent the isotope content 3 davs after the last adminis- 
tration of deuterio cholesterol. As can be seen from Table IIT, there ix 
wide variation in the ability of different tissues to remove cholesterol from 
the circulating blood. The relative storage capacity is most pronounced 
in the lungs and liver. All other tissues, with the exception of brain and 
spinal cord, had incorporated cholesterol from the circulation, although to 
varying degrees. The absence of knowledge relating to the metabolic 
function of cholesterol precludes an interpretation of these data. How- 
ever, the complete absence of deuterio cholesterol in brain and spinal cord 
is notable. It illustrates the lack or paucity of metabolic interchange 
between the sterol of the central nervous system and that of the blood. 
Slow rates of metabolism in brain have been obeerved previously by 
Waelsch, Sperry, and Stoyanoff (7), who demonstrated that cholesterol 
is synthesized very slowly, if at all, in the brain of adult rats. Cholesterol 
of the central nervous system seems to be the most inert of all tissue con- 
stituents which have as yet been studied; it is not regencrated and does not 
interchange with the dietary cholesterol at appreciable rates. 

From the data in Table III it is evident that isotopic sterol had been 
secreted into the lumen of the intestine, although the experimental condi- 
tions prevented secretion of bile into the intestine. These findings confirm 
those of Sperry (8) who observed excretion of sterols in the feces of a dog 
with bile fistula kept on a sterol-free diet. 


SUMMARY 


1. Cholesterol containing 4.2 per cent deuterium was administered intra- 
venously to a dog in which an anastomosis between the gallbladder and 
the pelvis of the kidney had been established. 
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2. Cholic acid isolated from the dog urine had an isotope concentration 


Ros the same order of magnitude as the blood or bile cholesterol, demon- 
" strating the biological conversion of sterol to bile acid. Assuming that 


the circulating sterol provided the immediate precursor, it was calculated 
that a minimum of two-thirds of the cholic acid arose by degradation of 
cholesterol. 

3. The distribution of the administered cholesterol was determined in 
various organs. The highest concentration was found in the lung, fol- 
lowed by the liver. All other organs, with the exception of the central 
nervous system, contain approximately the same concentrations as that 
of the blood. No deuterio cholesterol had been deposited in brain or 


spinal cord. 
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THE UTILIZATION OF THE METHYL GROUPS OF CHOLINE IN 
THE BIOLOGICAL SYNTHESIS OF METHIONINE* 


Br SOFIA SIMMONDS, MILDRED COHN, JOSEPH P. CHANDLER, 
anp VINCENT ov VIGNEAUD 


(From the Department of Biochemistry, Cornell University Medical College, 
New York City) 


(Received for publication, June 14, 1943) 


The demonstration that homocystine plus choline could replace methio- 
nine in the diet of the growing rat led to the suggestion (1) that the methyl 
grcups of choline are utilized in the biomethylation of homocysteine to 
methionine. Direct proof of this postulated transfer of methyl groups is 
offered in the present communication. The occurrence in the animal 
body of the reverse transmethylation, namely the utilization of the methyl 
group of methionine in the formation of choline, has already been estab- 
lished (2) by experiments in which isotopic choline was found in the tissues 
sul sequent to the administration of isotopic methionine. 

The methed employed in the present study depended on tracing methy! 
groups labeled with deuterium frem the choline in the diet to the methionine 
in the tissue proteins. Since a procedure for the isolation of methionine 
itself from small amounts of proteins in sufficiently high yields was not 
attained, the methyl! group cleaved from the methionine in the tissue pro- 
teins was isolated by an adaptation of the Baernstein procedure (3, 4) 
for the quantitative determination of methionine in proteins. By this 
methed the methicnine is converted by hydriodic acid to methy! iodide and 
hemoecysteine thiolactone. In the present study, the methyl iodide formed 
during the acid digestion cf the isolated tissue proteins was passed into an 
alecholic solution of trimethylamine and the tetramethylammonium iodide 
so obtained was either analyzed directly for deuterium or was converted 
to tetramethvlammonium chloride chloroplatinate prior to the deuterium 
analysis. 

When synthetic deuteriomethionine was subjected to this treatment in 
control experiments the carbon-deuterium bonds in the S-methyl group 
were sufficiently labilized to allow some loss of deuterium. The values we 
obtained for the isotopic content of tissue methionine are therefore minimal 
values. Tetramethylammonium iodide prepared from deuteriomethionine 
retained 66 to 72 per cent of the calculated amount of deuterium. The 

* The authors wish to acknowledge grants-in-aid by The Nutrition Foundation, 


Ine., and Eli Lilly and Company which have contributed to the support of this 
investigation. 
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retention of all the deuterium in the quaternary salt prepared from a syn- 
thetic sample of deuteriomethy! iodide indicated that deutertum-hydrogen 
exchar ge occurs during the treatment with strong acid. The lailization 
of the carbon-deuterium bond concomitant with the im euro cleavage of 
methionine was striking in view of the fact that the in vivo cleavage involves 
no such labilization. It should also be pointed out that the carbon-deu- 
terium bond in the N-methyl groups of deuteriocholine ix not labilized 
when deuteriocholine is subjected to a vanety of vigorous conditions such 
as boiling with 1 ~ hydrochloric acid, boiling with 5 per cent barium hy- 
droxide, or treatment with hot alkaline permanganate solution (2). It has 
been reported that deuterium-hydrogen exchange occurs in dimethyl 
sulfone and sodium methylseulfonate in alkaline solutions (5). A deu- 


Feeding Experiments with Deuteriocholine® and Homocyatine 


| Body choline Hoy creatine methsomine 
et 
7 > 4 Deuterium in) Deuteriam om Deuteriam in tetramecthy! el” 
days em. ciom per cont | atom percent percent | 
WO 3 33.342 0.4 DOF044.240 2168208 
82- 25 42.0 + 0.6 65.3 40.96.1202 420858 44204176216 
| 
* The-deuterium content of the methyl! groups of the choline fed was 54.5 atom 


per cent. 
+t From the Ist to 6th day, Rat 505 received 3) mg. of deuteriocholine per day; 


from the 7th to 12th day, 3) mg. of ordinary choline per day; from the 13th to Sth 
day, 25 mg. of deuteriocholine per day. 


terium-hydrogen exchange was also observed by us when deuteriomethio- 
nine was heated in 20 per cent sodium hydroxide. 


EAPERIMENTAL 


Feeding of Deuteriocholine and Homocystine—Two young rats, weighing 
about 85 gm., were placed on the homocystine-containing diet, described 
in a previous paper (2), supplemented with deuteriocholine. Deuteri- 
choline was synthesized from deuteriomethy! iodide and aminoethanol (2). 
The amount of isotopic choline fed, the duration of the experiment, and 
the change in body weight of the two animals are given in Table I. At the 
close of the experimental period the animals were sacrificed and choline 
and creatine were isolated from the tissues. The deuterium contents of 
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the body creatine and of the urinary creatinine have been reported in a 
preceding paper (2) but the creatine values are given again for comparison. 
Tissue proteins were subjected to treatment with hydriodie acid as described 
below to convert the methyl group of methionine to the tetramethyl- 
ammonium salt. In the case of Rat 500 the tetramethylammonium iodide 
itself was analyzed for deuterium, while the iodide obtained from Rat 505 
was converted to tetramethylammonium chloride chloroplatinate prior to 
deuterium analysis. The deuterium contents of the isolated compounds 
are given in Table I. 


Taste Il 
Feeding Experiments with Deuteriocholine* in Absence of Dietary Homocystine for 
8 Day Period 
Body choline Body creatine | Body methionine 
| ees % 
S-Amine acid | Deu- Deu- Ben. in| Dew 
in chlere-| in crea- methyl- methyl of 
| methy! | tinine K am- thio- 
te groups | picrate | §monium nine 
a salt 
am | am | am | am | com 
™. ™. per per per per per per 
cent cons cent cent cent 
A 1.4% 749 3-33 | 0.075 9.3 14.5 0.17) 0.68 
ionine 40.2, 40.08 40.32 0.34 1.36 
| 0.075 9.5 14.58 0.24) 0.96) +0.05 +0.20 
| 40.2) 40.05/40. 
B None 751 52-52 | 0.075 | 10.6/| 16.5| 0.38] 1.52 | 
+0.2 |) +0.05'+40.20 0.1 0.60 
752 0.0690 9.2 14.4 0.26 1.04) +0. +0.24 
i +0.2 +0.2 +0. +0.20 | 


© The deuterium content of the methyl groups of the choline fed was 84.5 atom 
percent. 


Feeding of Deuteriocholine in Absence of Homocystine—-Four young rats, 
weighing about 50 gm., were placed on the sulfur-amino acid-free basal diet 
(6) to which were added 25 mg. of deuteriocholine per day. The rats were 
divided into two groups and the diet of each group was supplemented as 
follows: Group A, 1.4 per cent methionine and Group B, none. At the end 
of 3 days all the animals were sacrificed and tissue choline and creatine 
were isolated. The tissue proteins from the two rats in a given vair were 
pooled in order to provide sufficient material for the methionine procedure. 
The deuterium contents of all the isolated compounds are given in Table II. 

Isolation of Choline from Body of Rat—Choline was isolated as choline 
chloroplatinate from a boiling alcohol extract of the ground tissues by the 
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method described previously (2). In Tables I and II, the deuterium con- 
tents of the isolated compounds are listed. 


Rat 500. Calculated,’ N 4.48; found, N 4.30 


OS. 4.46; 4.43 
. “ 749. . Pt 31.50; found, Pt 31.47 
“ 761. “S150; “ “31.29 
“ 782. “3150; “ “ 32.00 


Isolation of Creatine from Tissues Creatine was isolated by the method 
of Foster, Schoenheimer, and Rittenberg (7) as the double salt, creatinine 
potassium picrate, from the same alcohol extract used for the isolation of 
choline. The purity of the creatinine potassium picrates was determined 
by the Jaffe color reaction. The deuterium contents of the isolated cre- 
atinine salts are given in Tables I and II. 


Ill 
Control Experiments on Stability of Carbon-Deuterium Bond in S-Methyl Group of 

Methionine 

eroup of initial “ammoniom salt” | group of anal methionine 

(A) 

com alem pur cent per cout 

3.354 + 0.05 0.69 + 0.08 2.76 + 0.12 71.9 

41.6 +0.6 6.9 +0.2 277.6 +0.8 66.3 


4.56 + 0.06 0.78 + 0.12 3.12 + 0.48 6s.4 


Control Experiments on Deuterium-H ydrogen Exchange Three samples of 
deuteriomethionine were digested with hydriodic acid and the methyl 
iodide samples obtained were converted to the chloroplatinate of tetra- 
methylammonium chloride. The deuterium contents of these salts, given 
in Table II], ranged from 6 to 72 per cent of the calculated values. The 
loss of deuterium did not occur during the conversion of tetramethyl- 
ammonium iodide to the chloride chloroplatinate, since chloroplatinates 
prepared from samples of deuteriotetramethylammonium iodide of known 
deuterium content always contained the theoretical amount of the isotope. 
Nor does the preparation of tetramethylammonium iodide by addition of 
methyl! iodide to an alcoholic solution of trimethylamine involve labiliaa- 
tion of the carbon-deuterium bond, for a sample of the quaternary iodide 
prepared from deuteriomethy! iodide of known deuterium content also 
contained the theoretical amount of deuterium. 


‘ All caleulated values are based on the increased molecular weight due to deu- 
terium in the molecule. 
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A sample of deuteriomethionine was dissolved in 20 per cent sodium 
hydroxide and the solution boiled under a reflux for 23 hours. The deu- 
terlum content of the methionine isolated from this digest was 57.5 per 
cent of that of the initial material. 

Isolation of S-Methyl Group of Methionine from Tissue Proteins—The 
residue from the hot alcohol extraction of the rat tissue was extracted three 
times with cold 6 per cent trichloroacetic acid over a 3 day period to remove 
non-protein nitrogen. The trichloroacetic acid-insoluble material was 
then reextracted with hot alcohol and dried. The tissue proteins so ob- 
tained represented about 14.5 per cent of the body weight of the smaller 
(50 gm.) rats and about 16.5 per cent of the body weight of the larger 
(100 gm.) rats. 

About 7 gm. of rat proteins were then digested in 25 cc. of boiling 57 
per cent hydriodic acid for 6 to 7 hours and the methyl! iodide formed was 
collected in alcoholic trimethylamine. The apparatus used for the hy- 
driodic acid treatment was a modification of that described by Baernstein 
(4). The digestion flask was connected in the usual way to an absorption 
train consisting of four scrubbers. The construction and contents of the 
first two scrubbers were identical with those used in the ordinary Baernstein 
procedure. The third and fourth serubbers consisted of widened test- 
tubes similar to those used in the determination of methylimide by the 
method of Pregl and Lieb (8). A stop-cock was inserted between the 
second and third scrubbers so that the third and fourth scrubbers could be 
separated from the rest of the apparatus. These two scrubbers contained 
a 5 per cent alcoholic solution of trimethylamine. Because both methy! 
iodide and trimethylamine as well as ethyl aleohol are easily volatilized, the 
third and fourth scrubbers were cooled in solid carbon dioxide during the 
digestion period. At the resulting low temperature a large part of the 
earbon dioxide gas used to sweep the volatile products of hydrolysis out of 
the digestion flask was absorbed along with the methy! iodide by the al- 
coholic trimethylamine solution. At the close of the digestion period the 
trimethylamine serubbers were removed from the train and allowed to 
stand in their solid carbon dioxide baths for about 30 hours. During this 
time the solid carbon dioxide slowly evaporated and, as the contents of the 
scrubbers warmed to room temperature, the dissolved carbon dioxide 
gradually escaped from the alcoholic solution. 

About 100 mg. of crude tetramethylammonium iodide were obtained 
after evaporation of the alcoholic trimethylamine solution and several 
washings of the residue with cold absolute aleohol. Trial runs on methio- 
nine alone and on rat tissues indicated that the crude tetramethylam- 
monium iodide obtained represented about 80 per cent of the methionine 
calculated on the basis of the homocysteine thiolactone in the hydriodic 
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acid digest. The quaternary ammonium iodide could be purified by r- 
crystallization but it proved inconvenient for use in the deuterium analysis 
because of its high iodine content. Therefore, the crude iodide was washed 
free of iodine with cold absolute alcohol and was converted to the chloride 
by treatment with silver chloride. From an alcoholic solution of the 
chloride the chloroplatinate was prepared and this salt was analyzed for 
deuterium. The deuterium contents of the various samples obtained 
from tissues are given in Tables I and IT. 


C,HyNL. Rat 500. Calculated,' I 63.1; found, I 63.6 
“ 505. Pt 35.01; “ Pt 35.33 
~ Rats 749, 750. Calculated,’ Pt 35.07; found, Pt 34.79 
751, 752. 35.07 ; “ 34.77 
DISCUSSION 


The utilization of the methy! groups of dietary choline in the biosynthesis 
of methionine has now been established by the demonstration that the 
tissue proteins of rats fed deuteriocholine and homocystine contain deu- 
teriomethionine. The in vivo synthesis of methionine proceeds regardless 
of the absence of homocystine in the diet, since a small amount of deu- 
teriomethionine was found in the tissue proteins when deuteriocholine was 
fed on a sulfur-amino acid-free basal diet. Furthermore, even when 
adequate methionine is added to the deuteriocholine diet methy! transfer 
from choline to methionine continues.” 

It becomes obvious from these results that the process of transmethyla- 
tion from dietary choline to methionine is not induced by the presence of 
homocystine in the diet. That is, the presence in the diet of a methyl 
acceptor is not requisite for the phenomenon of transmethylation to 
methionine to make its appearance. Apparently, a precursor of methio- 
nine, undoubtedly homocysteine, is formed by the animal during the catabo- 
lism of methionine, thus enabling methionine to be resynthesized with the 
methyl group supplied by choline. Continual synthesis of methionine 
occurs although more than enough methionine is supplied in the diet—a 
fact which places transmethylation from choline to methionine in the class 
of “automatic and non-interruptable biochemical processes”’ (9). 

In all of these experiments, the transmethylation to creatine as well as 
to methionine has been followed. As previously reported (2), the methyl 
group from dietary choline appears in the creatine of the tissues and the 
creatinine of the urine when deuteriocholine was fed with homocystine. 
As shown in Tables I and II, transmethylation from choline to creatine 


? Experiments in which deuteriomethionine and ordinary choline were fed together 
show that the formation of choline from methionine proceeds even with an adequate 
dietary supply of choline. 
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also occurs, though to a lesser extent, when homocystine is excluded from 
the basal diet or when ordinary methionine is in the diet instead of homo- 
cystine. 

SUMMARY 


Direct proof of the transfer of methyl! groups from choline to methionine 
in the rat is presented by the demonstration of the presence of the deuterio- 
methyl group in tissue methionine subsequent to the ingestion of deuterio- 
choline and homocystine. Furthermore, this transmethylation reaction 
was shown to occur when deuteriocholine was fed without homocystine 
in the diet and even when ordinary methionine was fed with deuteriocholine. 


The authors wish to thank Dr. J. R. Rachele of this laboratory for some 
of the microanalyses. 
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NOTE ON THE USE OF THE o-PHENANTHROLINE FERROUS 
COMPLEX AS AN INDICATOR IN THE CERIC 
SULFATE TITRATION OF BLOOD SUGAR 


By DOUGLAS A. MacFADYEN ano DONALD D. VAN SLYKE 


(From the Alfred 1. du Pont Institute of the Nemours Foundation, Wilmington, Delaware, 
and the Hoapital of The Rockefeller Institute for Medical Research, New York) 


(Reeeived for publication, June 24, 1943) 


Miller and Van Slyke (1) have published a direct microtitration method 
for blood sugar in which the ferroeyanide formed by reduction of ferri- 
cyanide is titrated with ceric sulfate. As indicator setopaline C* was recom- 
mended after trial of numerous other oxidation-reduction indicators. The 
constitution of this indicator appears to be a trade secret, and the indicator 
is now off the market. However, it has been found that o-phenanthroline,' 
synthesized by Blau (2) and studied with regard to its oxidation properties 
by Walden, Hammett, and Chapman (3), serves even better than the 
setopaline 

The indicator is used in the form of a ferrous complex, which is prepared 
in 0.025 m solution as follows: 6.95 gm. of FeSO,-7H,O are dissolved and 
made up to | liter with water. Into the solution are stirred 14.85 gm. of 
ophenanthroline monohydrate, HO, until all is dissolved. 

The color change at the end-point in the sugar titration is sharp, from 
golden brown to light vellow. On standing the golden brown slowly 
returns. The end-point, however, is stable for at least a minute. 
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FURTHER STUDIES ON THE ROLE OF POTASSIUM AND OTHER 
IONS IN THE PHOSPHORYLATION OF THE 
ADENYLIC SYSTEM* 


By PAUL D. BOYER, HENRY A. LARDY, anno PAUL H. PHILLIPS 


(From the Department of Biochemistry, College of Agriculture, University of 
Wisconsin, Madison) 


(Received for publication, June 9, 1943) 


Recently it was demonstrated that potassium had an essential réle in 
the transfer of phosphate from 2-phosphopyruvate or 3-phosphoglycerate 
to the adenylic system (1). Earlier publications have indicated that other 
substances might replace potassium in some of its physiological effects. 
Ohlmeyer and Ochoa (2) have shown that glucose phosphorylation by yeast 
was stimulated interchangeably by manganese, magnesium, potassium, 
and ammonium ions. Conway et al. (3) and Fenn and Haege (4) have 
found that ammonium ions will replace potassium in yeast and muscle 
cells. Hence experiments were undertaken to study the relationships of 
Mg**, Mn**, and NH,* to the effect of K* on phosphorylation. 

Several studies have shown that oxidation of pyruvate may be coupled 
with phosphorylations (5-7). In view of the demonstrated importance of 
K* for anaerobic phosphorylation, studies were made to ascertain the re- 
lationship of K* to the phosphorylation accompanying pyruvate oxidation. 

Since adenosinetriphosphatase has been found to be inhibited by K* (8), 
it was felt desirable to present evidence which shows that the effect of K* 
on phosphorylation was not the result of an inhibition of adenosinetri- 
phosphatase. 

In the course of these experiments it was noted that adenosine triphos- 
phate additions were markedly superior to adenylic acid additions for the 
catalysis of the phosphate transfer from 2-phosphopyruvate to creatine. 
Thus this difference in the effect of adenosine triphosphate and adenylic 
acid was further studied. 

In addition to the results of the previously mentioned experiments further 
data concerning the stimulating effect of K* and the inhibiting effect of 
Ca** and other inhibitors on phosphate transfer are presented in this paper. 


Methods and Materials 


The preparation of tissues and phosphorus esters and the determination 
of phosphocreatine were made as described previously (1). The adenylic 


* Published with the approval of the Director of the Wisconsin Agricultural 
Experiment Station. 
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acid used was prepared by the method of Kerr (9). The sodium pyruvate 
used as a substrate was prepared from pyruvic acid by the method of 
Robertson (10). 

In experiments in which phosphorus fractionation studies are reported, 
relatively small amounts of organic phosphorus compounds were added 
with the tissue preparations. Thus nearly all the phosphorus esters present 
were derived from the added 3-phosphoglycerate. The phosphoglye- 
erate which disappears can be accounted for almost entirely as 2-phospho- 
pyruvate, adenosine triphosphate, phosphocreatine, and inorganic phos- 
phate. Hence conventional fractionation and hydrolysis procedures for 
the estimation of these phosphorus esters can be applied with good results. 

Phosphoglycerate was estimated as the differences in the total P and the 
P hydrolyzable in 180 minutes at 100° in nN HCl. Disappearance of phos- 
phoglycerate was measured by the increase in the P hydrolyzable in 180 
minutes. For the determination of adenosine triphosphate and of inor- 
ganic P the calcium precipitate from the phosphocreatine determination 
was washed once with a mixture of 1 part of the precipitating agent and 4 
parts of water, and the inorganic and 7 minute-hydrolyzable phosphorus 
determined on the precipitate. 2-Phosphopyruvate was estimated as the 
difference in the amount of P hydrolyzable in 180 minutes and the amount 
present as phosphocreatine, inorganic phosphate, and adenosine triphos- 
phate. In a number of cases this value was checked by the alkaline iodine 
hydrolysis procedure of Lohmann and Meyerhof (11). 

The experiments were performed with either dilute, homogenized, fresh 
rat muscle or with enzyme preparations from acetone precipitates of muscle 
extracts. The acetone precipitates were prepared from rat muscle which 
was coarsely chopped, and washed once with distilled water. The tissue 
was then finely ground in 5 volumes of calcium-free Ringer-phosphate 
solution at pH 7, the mixture centrifuged, and the precipitate discarded. 
4 volumes of cold acetone were added to the supernatant solution and the 
precipitate was collected by centrifuging, washed once with acetone, and 
stored at 0°. The dialyzed extract from the acetone precipitate was pre- 
pared by dialysis for 48 hours, against frequently changed distilled water, 
in the refrigerator. 

All experiments were conducted at 38°. The experiments on anaerobic 
transfers were done in test-tubes with shaking in a constant temperature 
bath. The dilute homogenized tissue preparations and the enzyme prep- 
arations from acetone precipitates of muscle extracts showed no oxygen 
uptake under the conditions of the experiments; hence exclusion of air 
was unnecessary. Oxidative experiments were conducted manometrically 
by use of a Warburg apparatus in the conventional manner. 
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Results 


Specific Action of Potassium—The transfer of phosphate from 3-phos- 
phoglycerate to creatine has been shown to take place by the following 
series of reactions (11-15). 


(i) 3-Phosphoglycerate — 2-phosphoglycerate —- 2-phosphopyruvate 
(2) 2-Phosphopyruvate + adenosine diphosphate — pyruvate 

+ adenosine triphosphate 
(3) Adenosine triphosphate + creatine — adenosine diphosphate 


+ phosphocreatine 


Dephosphorylation of the adenosine triphosphate may also occur by 
the action of adenosinetriphosphatase if this enzyme is present, in which 
case inorganic phosphate is liberated. 

The equilibrium in Reaction 1 is such that only small amounts of 2- 
phosphoglycerate are present (16). Adenosine triphosphate is required 
only in catalytic amounts for the over-all reaction (Nos. 1 to 3). Thus 
in the study of this system the measurement of the phosphorus present 
as phosphocreatine, phosphoglycerate, 2-phosphopyruvate, and inorganic 
phosphate gives an indication of the mode of action of any added activator 
or inhibitor of the phosphate transfers involved. 

The results of experiments on the relationship of K+, Mg**+, Mn*, 
and NH,* to the phosphate transfer from 3-phosphoglycerate to creatine 
are given in Table I. The levels of Mn**, Mg**, and NH,* used were 
comparable to those used by Ohlmeyer and Ochoa in their experiments 
with yeast (2). 

The results with fresh tissue show that addition of K+ markedly ac- 
celerated the disappearance of phosphoglyceric acid. This probably 
resulted because K* accelerated the phosphorylation of the adenylic system. 
That this might be the case is indicated by previous results (1) showing 
that K* was necessary for the phosphate transfer from 2-phosphopyruvate 
to creatine but not for the transfer from adenosine triphosphate to creatine. 
The marked increase in inorganic phosphate which appeared in the presence 
of K* is likewise most readily explained by an increased transfer of phos- 
phate to the adenylic system and its subsequent liberation by the active 
adenosinetriphosphatase which the fresh tissue preparation contained. 
This increase in inorganic phosphate was opposite to the effect that would 
have resulted if K* accelerated creatine phosphorylation by inhibiting 
adenosine triphosphate breakdown by adenosinetriphosphatase. 

The higher 2-phosphopyruvate concentration in the absence of K+ 
(Table I) showed that the rate of 2-phosphopyruvate formation did not 
limit the rate of phosphocreatine formation in the absence of K+. Ex- 


ate 
of | 
ed, 
led 
for 
ts. 
or- 


532 POTASSIUM AND PHOSPHORYLATION 


periments with dialyzed preparations from acetone precipitate of muscle 
extracts, in confirmation of results of Utter and Werkman (17) obtained 
with preparations from Escherichia coli, have shown that K* has no effect 
on the rate of attainment of the equilibrium between 3-phosphoglycerate 
and 2-phosphopyruvate. 

K+ also had a marked stimulatory effect on the phosphate transfer from 
3-phosphoglycerate to creatine when dialyzed extracts of acetone precipi- 


Effects of Potassium on Phosphorylation in Relation to Magnesium, 
Manganese, and Ammonium lons 

Each tube contained 60 micromoles of creatine, 0.2 micromole of adenosine tri- 
phosphate, and 0.005 w sodium phosphate buffer. In Experiment | the enzyme source 
was homogenized, fresh muscle tissue, and in Experiment 2 dialyzed extract of an 
acetone precipitate. 20.5 and 10.3 micromoles of 3-phosphoglycerate were added to 
each tube in Experiments 1 and 2 respectively. The total volume was 1.0 ee., 
incubation time 20 minutes. 


5 Phos- 


peared present appeared 

| mire mire mire. mre 

mole: moles mole: 

Fresh tissue 0 0.005 1606—_(C«iO.6 2.3 1.7 

0 0.005 1 Ma* 4.2 0.3 24 1.5 

0 0.0054 10'uMn** 39 O83 20 16 

0 0.005) 0.075 « NH,’ 105 36/22 48 

0.05 0.005 0.1 34/12) 56 

0.5 0.005 56 062.0 | 2.0 | 18 

Dialyzed extract 0.065 0 1.0 0.2 02 Os 

0 0.005) 35 ' 12/10] 

0.05 0.005, 49 ' 42 | 64 

0 3.2 1.2 16 O4 

0.05 0.01 | 47 33 1.0 | 03 

0 0.005 2» 1.9 1.0 0.7 0.2 

0.05 0.005 2 10°' 37 3.3 0.2 0.2 

3.6 3.0 0.3 0.3 


0 0 005, 0.15 w NH, 


tates were used, as shown in Table I. Since these preparations had no 
adenosinetriphosphatase activity, this stimulating effect of K* could not 
be due to an inhibition of adenosinetriphosphatase. In the samples 
without K* additions, some phosphate transfer took place. Thus the 
principal effect of K* was to accelerate the rate of transfer. With non- 
dialyzed extracts from acetone precipitates only slight activation by K* 
could be demonstrated. 

The results show that manganese in levels of 0.1 to 0.4 micromole per ce. 
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would not replace K* in the experiments with either fresh tissue or dialyzed 
extracts of acetone precipitates, and did not accelerate the phosphate 
transfer in the presence of K* and Mg**. Increased levels of Mg** would 
not replace K* or cause an increase in the phosphate transfer in the pres- 
ence of K*. The low rate of phosphate transfer by the dialyzed extracts 
in the presence of K* but absence of Mg** indicated that the dialyzable 
metallic ions were fairly completely removed. In other experiments it 
was shown that Mn** will replace Mg** in this system of phosphate 
transfers. Thus these results show that K* was essential in addition to 
either Mg** or Mn** for the rapid phosphorylation of the adenylic system. 

In contrast to the results with Mg** and Mn**, the data in Table I 
show that NH,* would replace K* entirely both with fresh tissue prepara- 
tions and with dialyzed extracts from acetone precipitates. 

The inhibiting effect of IX* on the activity of adenosinetriphosphatase, 
reported by Mehl and Sexton (8), has been confirmed by us. However, 
the inhibition was not marked until concentrations of 0.2 M or greater were 
reached. (Concentrations of K* well below 0.2 m will markedly stimulate 
phosphorylation. For this reason, and those given above, it may be 
concluded that the stimulating effect of K* on phosphate transfer from 
2-phosphopyruvate to creatine was not due to inhibition of adenosine 
triphosphate breakdown. It is of interest that K* in high concentrations 
also inhibits the transfer of phosphate from 2-phosphopyruvate to creatine. 

Comparative Catalytic Effect of Adenosine Triphosphate and Adenylic 
Acid—-In experiments with dialyzed extracts of acetone precipitates pre- 
pared from muscle it was found that adenylie acid would not replace 
adenosine triphosphate in the transfer of phosphate from 2-phosphopy- 
ruvate to creatine. The results given in Table II show the striking con- 
trast found when additions of adenvlic acid and adenosine triphosphate 
were compared. Thus it follows that in this system adenosine diphosphate 
accepted phosphorus from 2-phosphopyruvate much more rapidly than 
would adenvlic acid. 

Action of Inhitntors—Caleium has been shown to inhibit the stimulating 
effect of K* on phosphorylation (1). As Ca** has been found to activate 
adenosinetriphosphatase (18), studies were made to see if the inhibition 
by Ca** might be due to an increased breakdown of adenosine triphosphate 
into adenylic acid and inorganic phosphate. 

The breakdown of added adenosine triphosphate by homogenized 
fresh rat muscle tissue under conditions similar to those of the phosphorvla- 
tion experiments was not accelerated by additions of Ca** to a concentra- 
tion of 0.004 m. Evidently the tissue preparations contained sufficient 
Ca** for maximum activation of the adenosinetriphosphatase. 

Experiments were also made to determine the effect of Ca** on the 
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transfer of phosphate from adenosine triphosphate to creatine both with 
and without the adenosine triphosphate concentration as the limiting 


factor in the transfer. The results of these experiments are given ip | 


Il 


Comparative Ability of Adenylic Acid and of Adenosine Triphosphate to Catalyys 
Phosphate Transfer from 2-Phosphopyrucate lo Creatine 


Each tube contained 15 micromoles of creatine, 0.005 « sodium phosphate buffer, 
pH 7.4, 0.005 u Mg**, and 10 micromoles of 3-phosphoglycerate in a total volume of 
05cc. The extracts of acetone precipitates used as enzyme sources were dialyzed 
for 24 hours and 96 hours in Experiments | and 2 respectively. 


KCI added Adeny lic Phosphoacreatine formed 
adda! 


acid added — 
10 man >) min min 
] 0 0.33 1.51 
| 0.05 | 0.33 3.72 
| ©@ 0.33 0.05 
0.05 0.33 0.2 
2 0 | 0.16 0.42 1.19 
0.0 | 0.16 1.03 2.51 
0 0.16 0.08 0.17 
0.05 0.16 0.15 0.4% 
Taste Ill 
Lack of Effect of Calcium on Tranafer of Phosphate from Adenosine Triphosphate 
to Creatine 


Each tube contained 30 micromoles of creatine, 0.005 « Mg**, and 0.5 mg. of 
homogenized, fresh muscle tissue in 0.06 mw Na ,HPO,, pll 8.7. The total volume 


was 0.5 cc. 
Adenosine triphosphate CaCh added 
| 5 min. 10 min. 
3.0 0.52 0.88 
1.5 0.45 0.71 
3.0 0.004 0.55 
1.5 


0.004 0.45 0.65 


Table III. The data show that Ca** did not effect the transfer of phos- 
phate from adenosine triphosphate to creatine. When the level of added 
easily hydrolyzable P as adenosine triphosphate was decreased from 3 to 
1.5 micromoles, a decreased formation of phosphocreatine resulted, but 
Ca** had no effect on the rate of transfer. If Ca** accelerated the break- 
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down of adenosine triphosphate, a decreased formation of phosphocreatine 
would be expected in the presence of Ca** when the concentration of 
adenosine triphosphate limited the rate of transfer. 

Further evidence that the inhibitory effect of Ca** was the result of some 
mechanism other than activation of adenosine triphosphate breakdown 


Taste IV 
Effect of Various Inhibitors on Transfer of Phosphate from 
3-Phosphoglycerate to Creatine 

Each tube contained 60 micromoles of creatine, 0.2 micromole of adenosine tri- 
te, 0.005 « Mg**, 0.005 to 0.1 « phosphate buffer, pH 7.4, and 0.05 um KCl. 

Bither 12.5 mg. of homogenized fresh muscle tissue or a dialyzed extract from an 
acetone precipitate was used as an enzyme source. The total volume was 1.0 cc., 
incubation time 20 minutes. 


| | added | formed | present 
| micre- micro- micro- | micro- 
| moles moles moles moles 
1 Fresh tissue | 
ee 0.004 CaCl, 0.3 | 
2 Dialyzed extract 0 20.7 10.3 10.4 2.9 
«0.004 CaCl, 8.5 4.6 | 3.8 
oe 0012 “ * 20.7 5.2 1.9 3.7 
3 Fresh tissue 0 «20.5 0.5 32 09 
0.008 oxalate 20.5 3.9 0.3 32.9 
4  Dialyzed extract 0 | 20.3 | 5.0 4.1 0.5 
a oxalate 3.0 1.2 1.4 
No KCl added 10.3 3.4 
| oe oe 0 | 2.7 | 9.4 65 3.4 
ee 0.1 NaCl ay 3 
“ 0.1 “ KCI 9.2 5.9 3.4 


* Witha CaCh, concentration of 0.008 or 0.012 w a precipitate of calcium phosphate 
formed. 


was that Ca** had an inhibitory effect when extracts of acetone precipi- 
tates, which had negligible adenosinetriphosphatase activity, were used. 

Additional studies were made to ascertain whether the effect of Ca** 
was the result of inhibition of the formation of 2-phosphopyruvate from 
3-phosphoglycerate or inhibition of the transfer ot phosphate from 2- 
phosphopyruvate to the adenylic system. The results of phosphorus 
fractionation studies with various levels of Ca** present and with an 
acetone precipitate of muscle extract as an enzyme source are shown in 
Table IV. The calcium markedly inhibited the formation of phospho- 
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creatine and the disappearance of phosphoglycerate was lessened. Ip 
all cases relatively high amounts of 2-phosphopyruvate were present 
(estimated both by indirect calculation and alkaline iodine hydrolysis; 
the results by the two procedures agreed within about 10 per cent). Thus 
the inhibiting action of Ca** was exerted on the transfer of phosphate 
from 2-phosphopyruvate to creatine. The results given above showed 
that Ca** did not effect the transfer from adenosine triphosphate to 
creatine. Therefore, Ca** exerted its inhibitory effect on the transfer of 
phosphate from 2-phosphopyruvate to the adenylic system. The inhibi- 
tory action of Ca** was thus directly opposed to the action of K*; both 
ions acted upon the same transfer. 

During the course of experiments on oxidation and phosphorylation, 
oxalate was added to ascertain whether a possible stimulation of phos- 
phorylation might result from Ca** removal by oxalate. No stimulation, 
but a greater inhibition traceable to the oxalate added, was noted. Hence, 
the effect of oxalate on the anaerobic phosphorylation was studied. The 
results shown in Table IV indicated that oxalate did not act by slowing 
the formation of 2-phosphopyruvate. The effects of adding oxalate were 
found similar to those produced by not adding K* (experiment 4, Table 
IV). Other studies on oxalate have shown that it does not accelerate 
adenosine triphosphate breakdown. Lohmann and Meverhot (11) have 
previously shown that oxalate inhibits dephosphorylation of 2-phosphopy- 
ruvate. 

Concentrations of K* greater than the optimum concentrations or addi- 
tions of Na* inhibit the phosphate transfers. The results given in Table 
IV showed that increased K* concentrations or Na* additions did not 
lessen the amount of 2-phosphopyruvate present. 

The effects of added Na*, K*, and PO,", and of K* in the presence of 
NaCl and Na,HPO,, on the phosphate transfer from 3-phosphoglvcerate to 
creatine by homogenized fresh tissue are shown in Fig. 1. The molarities 
of the added substances were in addition to the 0.005 ™ potassium phos- 
phate buffer, pH 7.4, already present. Under these conditions optimum 
phosphorylation was obtained with a K* concentration as low as 0.05 M. 
In the presence of 0.06 Na, HPO,, pH 8.7, the optimum concentration 
was 0.2 m, although much smaller levels of h* markedly increased phosphate 
transfer. 

The results show that addition of relatively high concentrations of Na* 
caused a marked inhibition of phosphocreatine formation. With 0.1 m 
NaCl present in the medium, stimulation by K* still occurred, but the rate 
of phosphorylation obtainable was far below that obtained in the absence 
of added Na*. This was similar to the effects of K* when Ca** was 
present as an inhibitor (1). Thus the effects of these inhibitors cannot be 
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overcome by K* additions, although the amount of phosphate transfer 
can be increased by K* additions if the K* concentration is below optimum. 

If the KCI] was replaced by equimolar concentrations of potassium 
phosphate buffer, pH 7.4, the inhibition of the phosphate transfer by in- 
organic phosphate can be demonstrated (Fig. 1). Smaller concentrations 
of phosphate were stimulatory to the transfer. The inhibitory effect of 
Na* and of PO,” were similar to results obtained by Ohlmeyer and Ochoa 
in the study of the transfer of phosphate from 2-phosphopyruvate to 
glucose by veast (2). 


.4 


Fic. 1. The effect of potassium, sodium, and inorganic phosphate on the transfer 
of phosphate from 3-phosphoglycerate to creatine. Each tube contained 60 micro- 
moles of creatine, 0.005 uw Mg**, 0.2 micromole of adenosine triphosphate, 17.0 
micromoles of 3-phosphoglycerate, and 12.5 mg. of homogenized fresh rat muscle 
tissue. The total volume was 1.0 cc., incubation time 20 minutes. The molarity 
of added substances was in addition to the 0.004 mu potassium phosphate buffer, 
pH 7.4, and other substances already present. The concentration of Na* added 
with the 3-phosphoglycerate and other additions was calculated to be about 0.1 m. 


Relation of Potassium to Oxidative Phosphorylation—Studies on pyruvate 
oxidation were made with minced muscle preparations. With homogenized 
preparations the oxidation of pyruvate was slow unless high tissue con- 
centrations were used. No coupling of phosphorylation with oxidation 
by homogenized fresh tissues could be demonstrated, but with minced 
preparations a phosphorylation coupled with pyruvate oxidation could 
be obtained. 

In the experiments on pyruvate oxidation malate was added to catalyze 
the oxidation (19, 6). Additions of cocarboxylase and cozymase' were 
tried in several experiments, but they did not stimulate the rate of oxida- 
tion by minced tissue. 

‘ Kindly supplied by Merck and Company, Inc., Rahway, New Jersey. 
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The results of several experiments on pyruvate oxidation are given 
in Table V. In the absence of K* very little phosphocreatine was formed, 
while in the presence of K* phosphorylation of added creatine occurred, 
The rate of oxidation was not markedly affected by K*, but K* was neces- 
sary for phosphorylation to accompany oxidation. In the absence of 
pyruvate some endogenous phosphorylation occurred in the presence but 
not in the absence of K*. 


Taste V 

Relation of Potassium to Phosphorylations Accompanying Pyruvate Oxidation 

Each Warburg flask contained 120 micromoles of creatine, 0.2 micromole of 
adenosine triphosphate, 0.003 w Mg**, 0.033 m phosphate buffer, pH 7.4, and 75 mg. 
of minced fresh rat muscle. Pyruvate and malate were added from a side arm after 
equilibration to make concentrations of 0.065 m and 0.002 mw respectively. The 
phosphocreatine formed includes that formed during the preliminary and equilibra- 
tion period and the 60 minute period during which oxygen uptake was measured. 


0.2 0.004 « Na oxalate | 2.9 ' 4.7 
0.2 pyruvate added 3.0 2.2 
2 0 = 
0.2 | 8.4 4.0 
3.8 
| | No pyruvate added | 
| 0.008 CaCl, 
| 0.2 | No pyruvate added 1.8 | 2.0 


The effect of K* on the oxidative phosphorylation was inhibited by 
oxalate, but the oxalate did not decrease the rate of oxidation. Addition 
of Ca*t* in amounts which would inhibit phosphorylation also inhibited 
the O, uptake. Adenosinetriphosphatase activity has been found to be 
unaffected by oxalate, indicating that in the oxidative as well as the 
anaerobic phosphorylation the effect of K* was not the result of adenosine- 
triphosphatase inhibition. 


DISCUSSION 


The results of these studies indicate that the effect of K* on the phos- 
phorylation of the adenylic system in muscle is a specific one. Although 
NH,* will replace K+ in in vitro experiments, it is not found in the cell 
in sufficient concentration to be of any importance in the phosphorylation 
of the adenylic system. Mg** or Mn** is also essential for the rapid 
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transfer of phosphate from 2-phosphopyruvate to the adenylic system, 
as shown by these and earlier studies (11, 13). However, the action of 
Mg** and Mn** is separate from that of K*, which is essential in addition 
to Mg** and Mn**. 

The results of our experiments indicate that adenosine diphosphate will 
accept phosphate from 2-phosphopyruvate much more readily than will 
adenylic acid, since for the rapid phosphorylation of creatine by dialyzed 
extracts traces of the higher phosphorylated stages must be added. These 
results may explain the observation of Cori and coworkers (20) that 
adenosine triphosphate but not adenylic acid would function in the alternate 
dephosphorylation mechanism of 2-phosphopyruvate described by Pillai 
(21) and Mevyerhof and Junowicz-Kocholaty (22). 

The inhibition of phosphate transfer by Ca*t* appears to be directly 
antagonistic to the action of K*; ¢.e., it inhibits the transfer of phosphate 
from 2-phosphopyruvate to the adenylic system. Utter and Werkman 
found that with preparations from Escherichia coli Ca** inhibited the rate 
of formation of 2-phosphopyruvate from 3-phosphoglycerate (17). It is 
possible that in our experiments Ca**, in addition to its prominent effect 
on the transfer of phosphate from 2-phosphopyruvate, may slow the rate 
of formation of 2-phosphopyruvate. However, this would not be evident 
or limiting, because the 2-phosphopyruvate is only slowly removed in 
the presence of Ca**. 

It is not probable that the increase in inorganic phosyhate noted in 
experiments with fresh tissue when K* was added was the result of the 
breakdown of adenosine triphosphate by the formation of 1 ,3-diphos- 
phoglyceric acid which spontaneously decomposes (22). Likewise the 
small increase in inorganic phosphate in the experiments with acetone 
precipitates indicates that this dephosphorylation mechanism was non- 
operative. These results are as would be expected, since it was found that 
the dephosphorylation of adenosine triphosphate by this mechanism 
did not occur unless nearly all the adenylic acid was present as adenosine 
triphosphate (22). In our experiments the presence of creatine, and 
in some instances of adenosine triphosphatase, makes this improbable. 

The effect of K* on the phosphorylation accompanying pyruvate oxida- 
tion further emphasizes the essential nature of K*+ in the phosphorylation 
of the adenylic system. The lack of accumulation of phosphocreatine 
in the absence of K* when pyruvate is oxidized, although oxidation con- 
tinues unimpeded, is of interest. This indicates that in the absence of 
K* the oxidation may not be coupled with phosphorylation or that a 
phosphorylated intermediate may accumulate or decompose spontaneously 
or enzymatically. In the presence of K* the adenylic system may be able 
to accept the phosphate from a phosphorylated intermediate. 

Phosphocreatine accumulation in the system we used does not always 
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accompany pyruvate oxidation by rapidly respiring tissue. In some 
preparations, even under what we assumed to be favorable conditions, 
oxidation would continue without phosphorviation resulting. Other 
investigators have also found that oxidative phosphorylation may be 
somewhat erratic (19, 23). Further investigations on the mechanism 
of the coupling of phosphorylation with oxidation of various substrates 
are necessary. 

The rate of 2-phosphopyruvate breakdown by dialyzed acetone precipi- 
tates of muscle provides the basis for a quantitative estimation of adeno- 
sine-5-phosphoric acid and its homologues in the method published by 
Schlenk and Schlenk (24). In view of the results of the experiments 
reported here it would seem advisable that in such an assay the K* level 
should be controlled and it should be recognized that the addition of Na*, 
and especially Ca**, with the material to be assayed would deleteriously 
affect the results. 


SUMMARY 


Experiments have been conducted with enzyme preparations from 
muscle to determine the specificity of the accelerating effect of K* on the 
phosphorylation of the adenylic system, to compare the ability of adenylie 
acid and adenosine triphosphate additions to catalyze phosphate transfer 
from 2-phosphopyruvate to creatine, to study the effect of K* on aerobic 
as well as anaerobic phosphorylation, and to study the action of Ca** 
and other inhibitors of the stimulating effect of potassium. The results 
of these experiments warrant the following conclusions. 

1. K* markedly accelerates the transfer of phosphate from 3-phosphoglye- 
erate to creatine by either homogenized fresh muscle or by dialyzed ex- 
tracts of acetone precipitates prepared from fresh muscle. The optimum 
K* concentration under favorable conditions is as low as 0.05 m. 

2. The action of K* is the result of an accelerating effect on the transfer 
of phosphate from 2-phosphopyruvate to the adenylic system. K* bs 
essential in addition to either Mg** or Mn** for this transfer. However, 
NH,?* will replace K* in in vitro experiments. 

3. Adenosine triphosphate additions are much more effective than 
adenylic acid additions for catalvsis of the transfer of phosphate from 2- 
phosphopyruvate to creatine. 

4. K* is necessary for the phosphorylation of creatine to accompany 
pyruvate oxidation by minced tissue. In the absence of K* phosphoryla- 
tion of creatine does not result, although oxidation is unimpeded. 

5. Ca** is directly antagonistic to the effect of K*. The inhibitory 
effect of Ca** is due principally to an inhibition of the transfer of phosphate 
from 2-phosphopyruvate to the adenylic system. 
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6. The actions of K* and of Ca** on phosphorylation in the system studied 
were not the result of respective inhibition and stimulation of adenosine- 
triphosphatase. However, K* in relatively high concentrations does 
inhibit adenosinetriphosphatase. 

7. Oxalate inhibits the effect of potassium on the phosphate transfer 
from 2-phosphopyruvate to creatine. It also inhibits the effect of Kt 
on the phosphorylations accompanving pyruvate oxidation without 
affecting the oxygen uptake. 

8. Both inorganic phosphate and Na* in relatively high concentrations 
are inhibitory to the transfer of phosphate from 3-phosphoglvcerate to 
creatine. 
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CANINE CYSTINURIA. URINARY EXCRETION OF CYSTINE 
FOLLOWING THE ADMINISTRATION OF HOMOCYSTINE, 
HOMOCYSTEINE, AND SOME DERIVATIVES OF 
CYSTINE AND CYSTEINE 


By W. C. HESS ano M. X. SULLIVAN 
(From the Chemo-Medical Research Institute, Georgetown University, Washington) 


(Received for publication, June 4, 1943) 


In human cystinuria, Brand, Cahill, and Harris (1) found a marked 
increase in cystine excretion following the administration of both methio- 
nine and cysteine and, but to a far less extent, with glutathione. Brand, 
Cahill, and Block (2) also found, in human cystinuria, that homocysteine 
would cause the excretion of extra urinary cystine, while homocystine would 
not. The finding with respect to methionine and cysteine has been con- 
firmed by other investigators. 

Following the observation that cysteine, homocysteine, and glutathione, 
all SH compounds, increased urinary cystine in human cystinuria, Brand, 
Block, Kassell, and Cahill (3) studied the effect of a derivative of cysteine, 
S-carboxymethyleysteine. This compound, according to these workers, 
produced a decreased excretion of urinary cystine as measured by the Sulli- 
van method. This they attributed to the formation of thioglycolice acid 
from the S-carboxymethyleysteine which combines with cysteine to yield 
a mixed disulfide. Ether extracts of the urine after reduction with zinc 
and hydrochloric acid gave indications of the presence of thioglycolic acid. 
Lough, Perilstein, Heinen, and Carter (4) also fed S-carboxymethyleysteine 
to a cystinuric patient and found some decrease in the excretion of cystine 
but were unable to detect the presence of thioglycolic acid in the urine 
after reduction with zine and hydrochloric acid. 

Hess and Sullivan (5) have studied the excretion of urinary cystine in 
two male, cystinuric Irish terriers. When the dogs were fed a diet contain- 
ing 10 per cent casein, they excreted approximately 40 mg. of cystine daily. 
The excretion of cystine could be increased by feeding either methionine 
or cysteine and the effect in both cases was of the same order of magnitude. 
As these dogs were excellent experimental subjects whose diets could be 
completely controlled, it seemed desirable to study further the effect of feed- 
ing SH compounds, especially derivatives of cysteine, upon the excretion 
of urinary cystine. 


EXPERIMENTAL 


The urinary cystine was determined after precipitation with cuprous 
chloride as previously described (5). The diet employed was the 10 per 
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cent casein diet used in the earlier work with the cystinuric dogs (5). The 
same two dogs, Nos. 32-T and 38-U, were fed, as before, 150 gm. of the diet 
daily for the first portion of the experiment. These first experiments were 
done during the winter months; the second series of experiments was per- 
formed during July and August and because of the heat the daily ration was 
reduced to 100 gm. daily for each dog. Subsequently a third series of 
experiments was done on Dog 38-U with 150 gm. of the diet daily. Table! 
shows the daily excretion of the principal urinary constituents during the 
control periods of these three series of experiments. The number of control 
days in the first and second experimental periods was 8 days each and in 
the third series, 6 days. The daily values from which the averages are 
computed are, in all cases, close together. 


Taste 


Average Daily Urinary Excretions at Two Levels of Food Intake 
of 10 Per Cent Casein Diet 


Dog No Food intake Cystine Nitrogen Total § Newtral § 
- 
32-T 0.046 1.07 0.167 0.055 
38-U 1”) 0.043 2.10 0.190 0 O62 
32-T 100 0.082 1.38 0.120 0.057 
38-U 100 0.082 1.36 0.118 0.062 
38-U* 0.038 1.85 0.167 0.062 


* Third series of experiments. 


Preparation of Sulfur Compounds —Diglycyleystine was prepared by the 
method of Fischer and Suzuki (6). The glycyleysteine was prepared by 
the precipitation of its cuprous mercaptide following the addition of cuprous 
chloride to a solution of dighveyicystine. This is essentially the Rossouw- 
Wilken-Jorden method (7) for the preparation of cysteine cuprous mereap- 
tide. The copper compound of glvcyvlevsteine was then treated in a manner 
similar to that emploved by Pirie (8) in the preparation of glvevleysteine. 
The material was not crvstalline but was obtained as a dry, white powder. 
The peptides were analyzed by hydrolyzing weighed samples and determin- 
ing the cystine and cysteine respectively in the hydrolysates by the Sullivan 
method; the vields were practically theoretical in both instances. Nitrogen 
and sulfur analyses were also performed. Glyevleysteine, theory, N 15.72, 
S 17.82 per cent; found, N 15.38, 8 17.37 per cent; diglyeyleystine, theory, 
N 15.91, 8 18.09 per cent; found, N 15.62, 8 17.54 per cent. 

The thiazolidinecarboxylic acid was prepared from cysteine hydrochloride 
by the method of Ratner and Clarke (9). It melted at 196-197". Analysis, 
theory, N 10.52, 8 24.05 per cent; found, N 10.53, 8 24.03 per cent. 
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The homocysteine was prepared from methionine. The methionine was 


converted into homocysteine thiolactone hvdroiodide according to the 
procedure of Baernstein (10). The thiolactone hydroiodide was then 
converted into homocysteine according to the procedure of Riegel and du 
Vigneaud (11). A portion of the homocysteine was oxidized to homocys- 
tine by the procedure of Patterson and du Vigneaud (12). Analysis, 
homocystine, theory, N 10.45, 8 23.95; found, N 10.20, S 23.62; homocys- 
teine, theory, N 10.37, 8 23.72; found, N 10.20,8 23.42 percent. Titration 
of the homocysteine with potassium iodate in the presence of potassium 


Taste Il 
Total Urinary Excretion for 4 Day Period during Ingestion 
of Various Derivatives of Cystine and Cysteine 


Amount) Cys- | Nitro- | Total 
om | om. - 
32-T* Ghyeyleystine 3.0 0.181 10.2 1.057 0.453 
38-U* Glycyleysteine 3.0 0.199 11.0 0.977 0.314 
3.0 0.192 7.9 1.000 0.281 
S-U* Thiazolidinecarboxylic acid 2.2 0.181 7.7 0.931 0.332 
22-T{ Homocysteine 4.9 0.156 6.0 0.977 0.172 
4.0 0.202 7.8 1.337 0.254 
Homeocystine 4.0 0.129 5.5 1.0562 0.196 
32-73 Potassium tetracarboxymethyleystine 62 0.120 5.8 0.737 0.372 
dicarboxymethyleysteine 6.2 0.130 62 0.554 
Carboxvmethyleysteine 6.0 0.121 5.9 1.268 0.607 
60 O.118 5.9 1.208 0.654 


* First series of experiments on a 150 gm. daily food intake. 
t Third series of experiments on a 150 gm. daily food intake. 
t Second series of experiments on a 100 gm. daily food intake. 


iodide in 2 per cent hydrochloric acid solution showed the sample to be 97 
per cent in the form of homocysteine. 

The S-carboxymethyleysteine was prepared by the method of Michaelis 
aml Sehubert (13) from evsteine hydrochloride. In the freshly prepared 
state it melted at 175-176°. The fully dried sample melted sharply at 
191-192". Analysis, theorv, N 7.82, 8 17.88 per cent; found, N 7.69, 8 
17.51 per cent. 

The tetrapotassium tetracarboxymethyvicystine diacetate and the di- 
potassium dicarboxymethyleysteine acetate were prepared according to the 
procedure of Michaelis and Schubert (13). Analysis, tetrapotassium tetra- 
carboxymethyleystine diacetate, theory, N 3.76, 8 8.60 per cent; found, N 
3.73, 8 8.25 per cent ; dipotassium dicarboxymethyleysteine acetate, theory, 
N 3.75, 8 8.58 per cent; found, N 3.84, S 9.27 per cent. Titration of the 
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dipotassium dicarboxymethyleysteine acetate with potassium jodate in 
the presence of potassium iodide in 2 per cent hydrochloric acid solution 
showed the sample to be 96 per cent in the reduced form. 

Table II presents the data on the effect on the urinary constituents of 
feeding the above compounds to the two dogs. Of the amount of each 
compound indicated, one-half was fed daily for 2 successive days and the 
urine was collected for these 2 davs and also for the next 2 days to insure 
complete elimination of any cystine produced by the ingestion of the sub- 
stance administered. 


DISCUSSION 


Of all the compounds fed only two produced any extra urinary cystine, 
homocysteine and glycylcysteine, and these to a limited degree. The 3.0 
gm. of glycylcysteine, 100 per cent in the reduced form, correspond to 2.0 
gm. of cysteine and produced, as shown in Table III, only 27 mg. and 
40 mg. of extra cystine in two separate experimental periods, while the 
same amount of cysteine, fed as the hydrochloride, to the same dog, No. 
38-U, produced 213 mg. of extra cystine (5). 4 gm. of homocysteine, 97 
per cent in the reduced form, produced 28 mg. of extra cystine in Dog 32-T 
and 50 mg. of extra cystine in Dog 38-U. The same amount of homocys- 
tine produced no extra cystine in Dog 38-U. 

Thiazolidinecarboxylic acid, in which both the sulfur and the nitrogen 
of the cysteine are bound in a methylene ring, had no effect on urinary 
cystine excretion. Of the sulfur fed in this compound only 48 per cent was 
excreted in the urine, about one-half as neutral sulfur and one-half as sul- 
fate sulfur. 

Both Brand et al. (3) and Lough ef al. (4) report a decrease in the excretion 
of urinary cystine when S-carboxymethyleysteine was fed to human cys- 
tinurics. When this compound was fed to the two dogs, a slight decrease 
in extra urinary cystine was produced, 7 mg. in Dog 32-T and 10 mg. in 
Dog 38-U. The cystine in the dog urine was determined after precipita- 
tion by cuprous chloride as earlier detailed (5). If a mixed disulfide of 
cysteine and thioglycolic acid had been formed following the ingestion of 
this compound, cuprous chloride should have precipitated the copper mer- 
captides of both cysteine and of thioglycolic acid. The thioglycolic acid, 
after removal of the copper, would be titratable by iodine in the Okuda 
method (14) and the Okuda value on this urine would have been higher 
than the Sullivan value. This was not the case, and apparently no mixed 
disulfide was formed in these dogs and excreted in the urine. That no 
extra cystine was found following the administration of S-carboxymethyl- 
cysteine may be in conformity with the fact that this compound does not 
support the growth of rats on a sulfur-deficient diet (3). While 74 and 77 
per cent (Table II1) of the sulfur fed was excreted in the urine by the two 
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dogs, about one-half was excreted as unoxidized sulfur. The low urinary 
excretion of the sulfur of these various complexes of cystine and cysteine 
is in agreement with the findings of others (1, 2, 4). 

With the two compounds in which only the nitrogen was bound, tetra- 
potassium tetracarboxymethyleystine diacetate and dipotassium dicar- 
boxymethyleysteme acetate, no extra cystine was produced. On the basis 
of the compounds fed it is evident that when the sulfur alone, sulfur and 
nitrogen together, or nitrogen alone of the cysteine is bound to some other 
group there is no formation of extra urinary cystine. Glycyleysteine, 
however, gave some extra cystine but only about 13 per cent of that given 


Ill 


Urinary Excretion of Extra Cystine and Sulfur following Ingestion of Various 
Derivatives of Cystine and Cysteine (4 Day Period) 


Des No Substance fed Cystine Sulfur - 

om. per cent® | em. 
32-T Glyecyleystine —0.0038 0.389 72 0.233 
yeyleysteine 0.027 0.301 56 0.106 
BU ” 0.040 0.332 62 0.033 
38-U Thiazolidinecarboxylic acid 0.008 0.255 48 0.124 
32-T Homocysteine 0.028 0.497 53 
0.050 0.669 71 0.006 
Homocystine 0.001 0.580 —0.012 
Potassium tetracarboxymethyleystine 0.001 0.257 is 0.144 
SU ” dicarboxymethyleysteine 0.002 0.396 74 0.346 
32-T &8-Carboxymethyleysteine —0.007 0.788 74 0.379 
O 


* Per cent of the sulfur of the ingested compound. 


by an equivalent amount of cysteine in the first experiment and 19 per cent 
of that in the second experiment. Whereas, with Dogs 32-T and 38-U, 
2 gm. of cysteine gave an average increase in cystine excretion of 145 mg. 
(5), 8 gm. of homocysteine produced an average extra cystine excretion of 
only 30 me. 

It may be noted that in the homocysteine experiment, despite the in- 
crease in cystine, only 60 per cent of the added sulfur was excreted and, on 
the average, no extra neutral sulfur. Irregularity in sulfur excretion after 
Various cystine and cysteine complexes were fed was mentioned by Hele 
and Pirie (15) and by Brand, Cahill, and Block (2). We interpret our 
findings to the effect that the homocystine and homocysteine absorbed are 
fully oxidized to sulfate. The experiment with the homocysteine implies 
also that no homocystine or homocysteine was excreted. In this respect 
the dogs differ from the human as described by Brand, Cahill, and Block 
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(2). The lowering of the total sulfur excreted, total sulfur of the basal 
diet plus total sulfur of the compound fed, was commented on by Brand 
et al. (1) in the case of their human ecvstinuric. Brand, Cahill, and Block 
(2) report that only 32 per cent of the homocystine and 66 per cent of the 
homocysteine fed were found as extra sulfur in the urine. 

Brand et al. (1) found that glutathione gave a very slight increase in 
cystine excretion in a human cystinuric, whereas Hele, Hopkins, Lawrie, 
Leese, Meldrum, and Pirie, according to Hele and Pine (15), found that 
a cystinuric could oxidize 3 gm. of glutathione, given by mouth, as readily 
as cystine, 


MMAKY 


When S-carboxvmethvievsteme, dighvevieystine, 
acid, tetrapotassium tetracarboxymethyvlevstine, or dipotassium dicarboxy- 
methyicysteine was added to the basal diet fed two evstinune dogs, no 
extra cystine was excreted, and only a slight increase was observed with 
homocysteine and glycyvieysteine. On the basis of the compounds fed it is 
evident that when the sulfur alone, sulfur and nitrogen together, or nitrogen 
alone of the evsteine is bound to some other group there m little, if any, 
formation of extra urinary cvstine., gave only Is to 19 
per cent as much extra cystine as did an equivalent amount of evsteme; 
homocysteine was more effective in that it gave 27 per cent a= much extm 
cystine as was given by an equivalent amount of evsteme. 

With S-carboxymethylevsteme there was a slight decrease in the urmar 
cystine but no evidence of the formation of a mixed disulfide and in the case 
of homocystine and homocysteine no evidence of their excretion unoxidized. 
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THE CHEMICAL DETERMINATION OF TOCOPHEROLS IN 
LIVER AND MUSCLE; TOCOPHEROL IN 
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Only one systematic study of the distmbution of tocopherol in animal 
tissues seems to have been made (1) and this was accomplished by the 
laborious biological assay. Although direct evidence on the rdle of tocoph- 
erol in cellular metabolism is thus far confined to its action in muscle 
(2, 3). its presence in other tissues, whether as functional or as stored 
material, calls for a reliable chemical method of assay. When the tech- 
nique of Deviin and Mattill (4) for the determination of tocopherol in 
muscle was applied to liver tissue, its shortcomings became immediately 
obvious. This paper deseribes the modifications by which that method 
appears to have been improved and made adequate for use with liver, urine, 
and fece- 

With extracts of liver tissue prepared as desenbed for muscle (4), un- 
reasonably high readings were obtained at the end of 10 minutes and these 
were still increasing after 2 hours. The gradual increase in color pro- 
duction im the presenec of cholesterol was confirmed both in a benzene 
solution of tocopherol and cholesterol and in liver extracts. Such extracts 
even after adsorption on florisil and treatment by the acid-alkali technique 
of Parker and MeFarlane (5) still contained cholesterol. On the other 
hand, when a solution of tocopherol and cholesterol in benzene was ad- 
sorbed on flormil, cholesterol was completely removed and none of the 
tocopherol was adsorbed; something in the complex extract obtained 
from liver interfered with the complete removal of cholesterol by ad- 
Sorption. 

This substance appeared to be vitamin A; when a solution of cholesterol, 
tocopherol, and «a vitamin | concentrate’ im benzene was similarly ad- 
sorbed, a considerable amount of cholesteiol remained in the solution. 
The presence of vitamin A in the liver extracts, even after adsorption on 
floristl, was indicated by the transient purple color (6) appearing upon 
the addition of SS per cent sulfune acid in the acid-alkah treatment. 
Vitamin A was apparently destroved by this procedure, because when a 
second acid-alkali treatment was apphed to such mixtures, the intense 
purple color which appeared in the first acid treatment was entirely absent. 


' Courtesy of Distillation Products, Ine., and Dr. Hickman. 
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When liver extracts, after a single acid-alkali treatment, were passed 
through two columns of florisil, stable colorimeter readings were obtained. 
Such extracts still contained some cholesterol, but small amounts ap- 
parently do not seriously derange the course of color development. The 
reason for the incomplete adsorption of cholesterol under these conditions 
remains to be discovered. 

In two respects, therefore, the original method was altered; the order of 
adsorption on florisil and acid-alkali treatment was reversed and a second 
adsorption on florisil was introduced. With these modifications liver ex- 
tracts gave maximum color intensity at the end of either 10 or 20 minutes. 
Readings at 20 minutes were usually not more than 3 or 4 units greater 
than at 10 minutes, and since pure tocopherol solutions produce maximum 
color development at 10 minutes, all readings were made at that time. 
With muscle extracts, the reversal of the order of acid-alkali treatment and 
a single adsorption were sufficient; extracts so prepared gave maximum 
color development at the end of 10 minutes as against 30 minute readings 
heretofore used. 

The method finally employed, embodying these and other minor modifi- 
cations, was as follows: Liver tissue (8 to 10 gm.) was shredded in 60 ml. 
of Skellysolve B? (SSB) and 70 mil. of redistilled absolute aleohol in an ice- 
cooled Waring blendor. The insoluble tissue residue, after centrifugation, 
was subjected to three similar extractions. The four clear supernatant 
liquids were pooled in a 2 liter separatory funnel and partitioned into an 
alcohol-water and a petroleum ether phase by the addition of 600 ml. of 
water. The separatory funnel was gently whirled, sufficient aleohol was 
added to break the emulsion, and the petroleum ether fraction usually 
cleared within a few minutes. The alcohol-water fraction was then ex- 
tracted three times with 150 ml. of SSB. The petroleum ether fractions 
were pooled and distilled under nitrogen at reduced pressure on a hot 
water bath. The clear residual oi! was taken up in 25 ml. of purified Skelly- 
solve FE? (SSE). To 10 ml. of this solution in a glass-stoppered centrifuge 
tube, 2 ml. of 85 per cent sulfuric acid were added, and after shaking, the 
tube was centrifuged for 5 minutes. As much of the clear supernatant 
as possible was then drawn off and transferred to a second glass-stoppered 
centrifuge tube, 5 ml. of 1 per cent potassium hydroxide were added, and, 
after shaking, the tube was centrifuged for 10 minutes. 7 ml. of the clear 
supernatant were drawn off and evaporated to dryness under nitrogen on a 
boiling water bath. The residue was taken up in 7 mil. of c.r. benzene, 
6 ml. of which were passed through a 70 X 12mm. column of florixil through 


? Purified by shaking three times with concentrated sulfuric acid, and washing with 
water, dilute sodium hydroxide, and water; dried over anhydrous calcium chloride 
and distilled. 
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which 10 ml. of benzene had previously been passed to moisten the column. 
The column was washed with 3 to 5 ml. portions of benzene, and the result- 
ant solution evaporated to dryness under nitrogen on the water bath. 
The residue, containing the tocopherols, was taken up in 6 ml. of benzene, 
5 ml. of which were passed through a second similar column of florisil. 
After aguin being washed and evaporated to dryness, the residue was taken 
up in 5 ml. of SSk, 20 ml. of the modified a,a’-bipyridine reagent*® were 
added, and the resultant color read at the end of 10 minutes in a Klett- 
Summerson photoelectric colorimeter with a No. 52 light filter. Tocoph- 
erol values were then read on a calibration curve. 

When known amounts of tocopherol were added to the blendor along 
with liver tissue, other portions of which were analyzed without such addi- 
tions, the amounts of tocopherol recovered corresponded closely to those 
expected, as shown in Table Il. Such figures for recovery are not completely 


Taare I 
Recovery of a-Tocopherol Added to Liver Tissue 


Recovery, x 100 

(6 

5 

per 

1.0 200.0 06.6 

a7 1.0 170.0 103.0 

111.5 1.0 255.0 96.3 

Average recevery US 6 


valid evidence for the accuracy of the method, but thev are certainly fa- 
vorable. 

The variations in tocopherol content of muscle and liver under various 
dietary régimes, as determined by this method, are recorded in Table II. 
It is apparent, as first shown by Mason (1), that the liver of the rat and 
rabbit may store tocopherol when the vitamin is generously supplied in the 
diet. ‘The muscles of both species also appear to store it but to a less ex- 
tent. The present figures for the tocopherol content of rat muscle are 
somewhat lower than the values reported by Devlin and Mattill (4). This 
difference may be related to the changes in procedure; those readings were 
made at the end of 30 minutes, these at the end of 10 minutes. Since pure 
tocopherol solutions and most of our tissue extracts attain maximum 
color development at the end of 10 minutes, it is not unlikely that the 
color development taking place after this time may be due to the oxidation 


* 20) ma. of ferric chloride hexahydrate and 500 mg. of a,a’-bipyridine made up to 
1 liter with glacial acetic acid 
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When liver extracts, after a single acid-alkali treatment, were passed 
through two columns of florisil, stable colorimeter readings were obtained, 
Such extracts still contained some cholesterol, but small amounts ap- 
parently do not seriously derange the course of color development. The 
reason for the ingomplete adsorption of cholesterol under these conditions 
remains to be discovered. 

In two respects, therefore, the original method was altered; the order of 
adsorption on florisil and acid-alkali treatment was reversed and a second 
adsorption on florisil was introduced. With these modifications liver ex- 
tracts gave maximum color intensity at the end of either 10 or 20 minutes, 
Readings at 20 minutes were usually not more than 3 or 4 units greater 
than at 10 minutes, and since pure tocopherol solutions produce maximum 
color development at 10 minutes, all readings were made at that time, 
With muscle extracts, the reversal of the order of acid-alkali treatment and 
a single adsorption were sufficient; extracts so prepared gave maximum 
color development at the end of 10 minutes as against 30 minute readings 
heretofore used. 

The method finally employed, embodying these and other minor modifi- 
cations, was as follows: Liver tissue (8 to 10 gm.) was shredded in 60 ml. 
of Skellysolve B? (SSB) and 70 ml. of redistilled absolute aleohol in an ice- 
cooled Waring blendor. The insoluble tissue residue, after centrifugation, 
was subjected to three similar extractions. The four clear supernatant 
liquids were pooled in a 2 liter separatory funnel and partitioned into an 
alcohol-water and a petroleum ether phase by the addition of 600 ml. of 
water. The separatory funnel was gently whirled, sufficient alcohol was 
added to break the emulsion, and the petroleum ether fraction usually 
cleared within a few minutes. The aleohol-water fraction was then ex- 
tracted three times with 150 ml. of SSB. The petroleum ether fractions 
were pooled and distilled under nitrogen at reduced pressure on a hot 
water bath. The clear residual oil was taken up in 25 ml. of purified Skelly- 
solve E* (SSE). To 10 ml. of this solution in a glass-stoppered centrifuge 
tube, 2 ml. of 85 per cent sulfuric acid were added, and after shaking, the 
tube was centrifuged for 5 minutes. As much of the clear supernatant 
as possible was then drawn off and transferred to a second glass-stoppered 
centrifuge tube, 5 ml. of 1 per cent potassium hydroxide were added, and, 
after shaking, the tube was centrifuged for 10 minutes. 7 ml. of the clear 
supernatant were drawn off and evaporated to dryness under nitrogen ona 
boiling water bath. The residue was taken up in 7 ml. of c.p. benzene, 
6 ml. of which were passed through a 70 & 12mm. column of florisil through 


? Purified by shaking three times with concentrated sulfuric acid, and washing with 
water, dilute sodium hydroxide, and water; dried over anhydrous calcium chloride 
and distilled. 
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which 10 ml. of benzene had previously been passed to moisten the column. 
The column was washed with 3 to 5 ml. portions of benzene, and the result- 
ant solution evaporated to dryness under nitrogen on the water bath. 
The residue, containing the tocopherols, was taken up in 6 ml. of benzene, 
5 ml. of which were passed through a second similar column of florisil. 
After again being washed and evaporated to dryness, the residue was taken 
up in 5 ml. of SSE, 20 ml. of the modified a,a’-bipyridine reagent? were 
added, and the resultant color read at the end of 10 minutes in a Klett- 
Summerson photoelectric colorimeter with a No. 52 light filter. Tocoph- 
erol values were then read on a calibration curve. 

When known amounts of tocopherol were added to the blendor along 
with liver tissue, other portions of which were analyzed without such addi- 
tions, the amounts of tocopherol recovered corresponded closely to those 
expected, as shown in Table I. Such figures for recovery are not completely 


Taste I 
Recovery of a-Tocopherol Added to Liver Tissue 


Tocopherol content of Toce fe | 
sample copherol adder Total tocopherol found : (a) 

a 5) (6) 

100.0 200.0 06.6 

67.0 100.0 170.0 103.0 

111.5 150.0 255.0 96.3 

Average recovery 


valid evidence for the accuracy of the method, but they are certainly fa- 
vorable. 

The variations in tocopherol content of muscle and liver under various 
dietary régimes, as determined by this method, are recorded in Table II. 
It is apparent, as first shown by Mason (1), that the liver of the rat and 
rabbit may store tocopherol when the vitamin is generously supplied in the 
diet. The muscles of both species also appear to store it but to a less ex- 
tent. The present figures for the tocopherol content of rat muscle are 
somewhat lower than the values reported by Devlin and Mattill (4). This 
difference may be related to the changes in procedure; those readings were 
made at the end of 30 minutes, these at the end of 10 minutes. Since pure 
tocopherol solutions and most of our tissue extracts attain maximum 
color development at the end of 10 minutes, it is not unlikely that the 
color development taking place after this time may be due to the oxidation 


* 250 mg. of ferric chloride hexahydrate and 500 mg. of a,a’-bipyridine made up to 
l liter with glacial acetic acid 
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of substances unrelated to tocopherol, substances which by the revised 
technique are more completely removed from the extracts. 

These new and lower figures for so called normal animals still further 
reduce the “minimum fertility dose” of muscle tissue but the adequacy of 
tocopherol in some commercial animal feeds has been questioned (1). 
recently in a neighboring laboratory,‘ male rats raised on a dog biscuit diet 
were found to be sterile, with a histological picture of the testes typical 
of vitamin F-deficient rats. This may also explain the similarity of the 
liver content of normal and deficient animals, both rats and rabbits. By 


Tassie Il 
Effect of Diet on Tocopherol Content of Liver and Muact 


The results are expressed in mg. of tocopherol per kilo of tissue 


High vitamin E* Normalt Vitamin -deficsent 
Liver Muscle Liver Muscle Liver Viuscle 
Rats, males 52.8 15.6 20.1 5.6 24.3 3.9 
7.2 9.4 19.6 6.4 
24.1 3.2 
Average 12.3 22.1 7.5 22 is 
7.0 2 5.5 
Average 9.2 5.7 


* Ground dog chow supplemented with vitamin FE concentrates so that each rat 
received an estimated 100 mg. of tocopherol daily. The rabbits received a vitamin 
diet supplemented with svuthetice so that cach animal 
received an estimated 18 mg. daily 

+ Dog chow or rabbit chow. 
the revised technique, the tocopherol content ot muscle from animals on an 
enriched diet was also lower than that heretofore reported (4). As indi- 
cated below, much of the tocopherol in such diets may not be absorbed, 

Some importance may attach to the relatively high content of tocopherol 
in rat liver as compared with rat muscle under all conditions of feeding, in 
contrast to the much smaller differences between liver and muscle of rabbits 
under vitamin EF deprivation or on supposedly normal diets. Abundant 
hepatic storage capacity might explain the protracted vitamin FE. depriva- 
tion which rats mav undergo without demonstrating the critical shortage 
to which rabbits succumb in much shorter time. 

Evidence for the importance of tocopherol in muscle metabolism has 


‘Fugo, N. W., personal communication. 
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recently been reviewed (7) and, since tocopherol phosphate, but not tocoph- 
erol itself, altered the course of oxidation in vitro (2), it is conceivable that 
in animal tissues the vitamin might oecur bound in such a fashion that 
dmple extraction with organie solvents does not remove it. Muscle resi- 
due, after four extractions with SSB and aleohol in the usual manner, was 
twice extracted with these same solvents containing 5 ml. of concentrated 
hydrochloric acid. The two resulting extracts were pooled and analyzed 
for tocopherol by the original method (4). The results from musele of 
three normal rats indicated that 4.5, 2.9, and 3.2 mg. of additional tocoph- 
erol per kilo of muscle had been thus released, from three rats on a high 
tocopherol diet 2.1, 1.7, and 2.1 mg., and from a single vitamin F-deficient 
rat mg. Perhaps these figures represent some reacting substance other 
than tocopherol but the requisite properties as to solubility, adsorption, 
and survival after acid-alkali treatment leave little choice for speculation. 
Among the agencies concerned in biological oxidations are several phos- 
phorylated substances bound to protein. 

Tocopherol is readily oxidized to tocopheryiquinone in vitro (8) and if 
this oxidation occurs in animal tissues, the process is not reversible (9). 
The finding of tocopherviquinone in dog plasma (10) suggested that the 
utilization of tocopherol might take place in this manner. The evclization 
procedure of Tishler and Wendler (11) provided a technique applicable to 
tissue extracts, by which the presence of tocopherylquinone could be 
demonstrated. When the original extracts of muscle or liver were sub- 
jected to cyclization prior to acid-alkali treatment and double adsorption, 
it was possible to find 05 per cent of the tocopherol present in non-cyclized 
extracts, but not more. ‘This was true whether the tissues came from rats 
on stock diets or from rats on diets high or deficient in tocopherol. 

Information concerning the excretion of tocopherol is limited to the re- 
ports of MeArthur and Watson (12) who were unable to demonstrate its 
presence in cow urine and of Cuthbertson and coworkers (13), who, by a 
spectrosce nic method, were unable to detect it in liver extracts of rats on 
diets high in tocopherol. The present method seemed to offer a means of 
answering this question. 

The urine of two rats, receiving an estimated 100 mg. of tocopherol daily 
for 2 months previously and during the test, was collected for 5 days and 
pooled. ©mn the chance that tocopherol might be excreted in conjugated 
form, the urine was acidified to pH | and refluxed for 4 hours; on cooling, 
it was extracted four times with purified SSB, the solvent was distilled off 
under nitrogen at reduced pressure, and the residue was analyzed for 
tocopherol. In agreement with previously reported results, no tocopherol 
was found, even under conditions of excessively high intake. Application 
of the evelization procedure (11) to the residue and subsequent analysis for 
tocopherol also gave completely negative results, indicating that tocoph- 
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erylquinone is not excreted in the urine of rats receiving massive doses 
of tocopherol. 

The feces of these rats were examined for tocopherol, and although quan- 
titative observations were not made, the results indicated that very large 
amounts were present, whereas feces of rats on a stock diet gave completely 
negative results. 

Since liver might be expected to offer a greater amount and variety 
of interfering substances than any other animal tissues, the method de- 
scribed may have general application. This has not been demonstrated 
and, for the present, the development and application of this method may 
not be continued; it is hoped that others interested may find it reliable and 
may improve upon it. . 


SUMMARY 


With further modifications of the method based on the iron-a,a’-bipyri- 
dine color reaction, the tocopherols in liver tissue and in urine and feces 
have been determined. 

The tocopherol content of rat and rabbit liver tissue from animals on 
diets high in tocopherol, commercial laboratory chow, and on vitamin E- 
deficient diets averaged 42.3, 22.1, 22.6, and 86.8, 9.2, and 9.4 mg. per kilo 
respectively. Muscle tissue of the same animals averaged 11.9, 7.5, 4.8, 
and 28.1, 8.0, and 5.7 mg. per kilo respectively. No tocopherol was found 
in the urine of rats on high tocopherol intake, nor was evidence obtained 
for the presence of tocopherylquinone in liver or muscle or its excretion in 
the urine, although considerable tocopherol was found in the feces under 
those conditions. Evidence was obtained indicating that not all the 
tocopherol is removed from tissues by simple extraction with organic 
solvents. 

The possible significance of these findings is indicated. 
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THE RECOVERY OF CRYSTALLINE THYROXINE FROM 
IODINATED CASEIN* 


By P. REINEKE C. W. TURNER 
(From the Department of Dairy Husbandry, University of Missouri, Columbia) 


(Received for publication, May 27, 1943) 


In previous reports from our laboratory, it has been shown that the 
thyroidal potency of iodinated proteins is determined by the extent of 
iodination and also the conditions maintained in the reaction medium 
during and subsequent to the iodination. Other factors being held con- 
stant, maximum activity is obtained (1, 2) when the iodine is limited to the 
amount required for substitution of 2 atoms per mole of tyrosine in the 
protein. If the iodine input is held constant at this optimal level, and the 
temperature is elevated to approximately 70° during the subsequent incuba- 
tion period of 18 to 20 hours (3), products with surprisingly high thyroidal 
potency are obtained. Assayed by their metabolic effect when given orally 
to guinea pigs, these preparations show 3 to 4 per cent of the effect of pure 
thyroxine administered in the same manner. -When injected into tadpoles, 
they produce a metamorphosis response equivalent to 8 to 11 per cent of 
that produced by thyroxine. 

Ludwig and von Mutzenbecher (4) and Harington and Rivers (5) first 
reported that thyroxine could be isolated from iodinated proteins that had 
been prepared under narrowly limited conditions. 

In view of the high biological activity of iodinated proteins that were 
prepared under the optimal conditions established by our previous studies, 
it appeared likely that a much higher yield of thyroxine should be obtained 
from them than had previously been reported. Data that show this to be 
the case have now been obtained and are presented in this report. 


EXPERIMENTAL 


The iodinated casein used for the hydrolysis and recovery of thyroxine 
was taken from a large batch that had been prepared under the optimal 
conditions described previously (3). A commercial grade of acid-precipi- 
tated casein was suspended in distilled water containing 0.7 per cent sodium 
bicarbonate, in the ratio of 100 gm. of casein to 4 liters of solution. The 
solution was heated to 40° with continuous stirring, and finely powdered 
iodine was then added intermittently over a period of about 4 hours in the 
ratio of 17.6 em. of iodine per 100 gm. of casein. When all the iodine had 


* Contribution from the Department of Dairy Husbandry, Missouri Agricultural 
Experiment Station, Journal Series, No. 895. 
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THYROXINE 


been combined with the casein, the temperature was increased to 70°, and 
the mixture was held at this temperature, with strong, continuous stirring 
for 20 hours. 

The iodinated protein was precipitated by the addition of dilute hydro- 
chloriec acid to a pH of about 4.0. The liquid was siphoned off, and the 
precipitate was partially purified by resuspending it with the aid of sodium 
hydroxide and precipitation with dilute hydrochloric acid. After this proe. 
ess Was repeated twice, the iodinated protein was recovered by filtration, 
dried, and ground to a fine powder. 

Thyroxine was recovered by a procedure similar to that described by 
Ludwig and von Mutzenbecher (4). 100 @m. of the iodinated protein, 
prepared as outlined above, were mixed with 640 ml. of distilled water, and 
placed in a digestion flask. 320 gm. of Ba(OH).-SHeO were added, and 
the solution was agitated occasionally while being heated until the barium 
hydroxide was all dissolved. The solution was then boiled gently under a 
reflux for 20 hours. The precipitate of barrum salts was removed by run- 
ning the hot solution through a suction filter. The precipitate (A) and 
filtrate (1B) were then treated separately as follows: Precipitate A’ was 
treated with dilute HC], with vigorous stirring until the reaction became 
slightly acid to Congo red, filtered with suction, and washed with dilute 
acetic acid. Filtrate 1 was cooled, and the ervstalline Ba(OH), was re. 
moved by filtration, redissolved, and crystallized again, and the second 
filtrate was combined with the first. The combined filtrate was acidified 
with dilute HC! to pH 4.5 to 5.0, whereupon a light colored precipitate 
settled out. The precipitate was recovered by centrifuging, washed several 
times with dilute acetic acid, dried, and added to Precipitate A. After 
being dried, the combined precipitate was extracted with three changes of 
ether, and then dissolved in 0.1 \ NaOH solution contaiming a small amount 
of sodium sulfate for removal of the barium, and heated to boiling. The 
barium sulfate was removed by centrifuging, this process being repeated 
until a clear amber-colored supernatant solution was obtamed. The solu- 
tion was heated to 90° and cautiously acidified with dilute sulfurie acid 
until a granular precipitate formed 5.0). The precipitate was re- 
covered by filtration, washed with dilute acetic acid, and dried in racue over 
magnesium perchlorate. In two different separations vields of 3.14 and 
3.40 gm. of acid-insoluble substance were obtained from LOO em. of protein 
In the first trial, all of the acid-insoluble fraction was used for the isolation 
of thyroxine; in the second a small amount was retained for anal vsis and 
assay. 

The acid-insoluble substance was dissolved in the minimum amount of 
U.1 N sodium ‘carbonate solution, centriituged io remove traces of undis- 


solved, dark colored substance, and then chilled to 0 \ heavy white 
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precipitate of the monosodium salt of thyroxine formed. The precipitate 
was collected by centrifuging, and purified by crystallizing several times 
from 0.1 N NasCO, solution. Additional amounts of the monosodium salt 
were obtained by successively concentrating the mother liquors by boiling, 
and purifying the white precipitate that formed upon cooling. 

The monosodium salt was taken up in 70 per cent alkaline alcohol, heated 
to boiling, and acidified with acetic acid. Thyroxine separated immediately 
in the characteristic bundles of microscopic needles. It was purified by 
a second crystallization from hot 0.1 N sodium carbonate, and finally from 
boiling alkaline aleohol. In one instance a vield of 424 mg. of crystalline 
thyroxine was obtained by this process from 100 gm. of iodinated casein. 
In the second trial a vield equivalent to 385 mg. was obtained. 

Analyses and Biological Assays— The preparations were analyzed for io- 
dine by the method of Kendall as described by Harington (6). Assays on 
tadpoles were conducted as described previously (3). For the metabolic 
assays, the substances to be tested were weighed accurately, dissolved in 
distilled water with the aid of a small amount of sodium hydroxide, and 
administered orally in proportion to body weight. Beginning on the 6th 
day of dosage, the carbon dioxide production was determined gravimetri- 
cally in a modified Haldane type of open circuit respiration apparatus. All 
feed was removed at 9.00 a.m., and the metabolism determinations were 
made for a period of | hour on each animal during the afternoon. As a 
measure of the amount of metabolic stimulation, the percentage increase 
in carbon dioxide production above the normal control values obtained 
under the same conditions was calculated. 

The iodinated casein prepared for these experiments contained 7.5 per 
cent of iodine. When administered orally to four guinea pigs at the rate 
of 0.4 mg. per 100 gm. of body weight daily, the carbon dioxide output was 
increased by an average of 38.6 per cent during 4 days from the 6th to 9th 
day of dosage. Ky comparison with a reference curve that was established 
by administration of thyroxine to guinea pigs at various levels under similar 
conditions, it was determined that this response is equivalent to 12 y of 
thyroxine. Therefore, the iodinated casein actually showed 3 per cent of 
the potency of thyroxine, if thev are compared on an equal weight basis. 
In three different assays on tadpoles the iodinated casein showed an average 
of 8.6 per cent of the poteney of thyroxine, or approximately 2.8 times the 
value obtained on guinea pigs. This agrees with the relationship between 
these methods of assay established previously (3). 

Data on the recovery of ervystalline thyroxine from this iodinated protein 
are given in condensed form in Table I. The high thyroidal poteney of 
the iodinated casein prepared by our method is borne out by the increased 
vields of thyroxine obtained from it. Our recovery of crystalline thyroxine 


‘ 
aan 
. 
¢ 
a 
| 
4 
| 
| 
& 
| 
‘ 
re 


558 THYROXINE 


amounted to 0.424 and 0.385 per cent, respectively, in two separate trials, 
as compared to a yield of approximately 0.100 per cent reported by Ludwig 
and von Mutzenbecher (4) and Harington and Rivers (5). 

It is of considerable interest to attempt to correlate the vield of ervstalline 
thyroxine obtained with the thyroidal potency of the original iodinated 
casein. Our maximum vield of 0.424 per cent would appear at first hand 
to account for only about one-seventh of the potency of the iodinated casein, 
since this preparation showed 3.0 per cent of the thyroidal effect of thyrox- 


Yield, A nalysis, and Metabolic Assay of Thyrorinm and Thyrozrin ( oncentrate 
Obtained from lodinated Casein 


Metabolic assay 


lodine Average cain in COs output* 
Preparation Yield content A No of 
guinea Dosage ‘ 
No Trial Trial lial Trial 
a\crage 
per fer per fer feo per fer fe 
cont cont om conl ral ral eal onl 
Hydrolysis 1, acid- 3.14 
insoluble sub- 
stance 
Thyroxine 0.424 64.8 . 20.4 24.5 32.7 31.4 2.5 
65.0 
Hydrolysis 2, acid- 3.40 40.12 i3 21.3 2S Wi 
insoluble sub- 10.12 
stance 
Thyroxine 0.385 63.6 2 25.0 
Assay standard, syn- 65.0 2 oO 30.9 2.5 20.7 


thetic thyroxine 


* The CO, production was determined between the 6th and the 10th day after 
oral dosage of the test substance was begun, and computed as the percentage in 
crease above normal control values obtain under conditions 


ine when tested on guinea pigs. We have been able to establish recently. 
however, that the thyroxine as it occurs in the iodinated casein molecule 
actually exists in the levorotatory form. (See the paper following.) Our 
own data, as well as the report of Foster ef a/. (7), indicate that /-thyroxine 
has twice the calorigenic effect of the usual d/ mixture obtained after hy- 
drolysis of thyroxine-containing proteins with alkali. The apparent 
thyroidal effect of the protein should therefore be divided by 2 for compari- 
son with the vield, since it was assaved against racemic thyroxine. On this 
basis the actual vield of crystalline thyroxine is approximate! 28 per cent 
of the value indicated biologically. It is well recognized, furthermore, that 


g 
¢ 


Ee. P. REINEKE AND C. W. TURNER 559 


the isolation of thyroxine is far from quantitative, owing both to destruc- 
tion during hydrolysis, and to unavoidable losses during the process of 
purification. 

For this reason the crude acid-insoluble substance obtained during the 
purification is believed to represent more nearly the actual amount of 
thyroxine present. In the one experiment in which a portion of this frac- 
tion was withheld for analysis and assay, a yield of 3.4 gm. was obtained 
from 100 em. of starting material. Since the iodine content was 40.1 per 
cent, this would be equivalent to 2 per cent thyroxine in the iodinated 
protein. 13 7 of this substance would be equivalent in iodine content to 
8 y of thyroxine. When these amounts of acid-insoluble substance and 
thyroxine, respectively, were administered to groups of guinea pigs on 
which experiments were run side by side in the same aSSay, the same aver- 
age metabolic response was obtained. If all of the metabolic effect of the 
acid-insoluble substance is assumed to be due to thyroxine, then all of the 
activity ol the iodinated protein as shown by the assays on guinea pigs can 
be accounted for by its thyroxine content. 

The assay value of the iodinated protein is equivalent to 3.0 per cent dl- 
thyroxine or about 1.5 per cent of the / form. Thus the value of 2 per cent 
estimated from the acid-insoluble fraction appears to indicate an excessive 
recovery. The discrepancy between the two figures is within the range of 
experimental error of +20 per cent on each assay, however. 

In all of our investigations of iodinated proteins covering a wide range of 
thyroidal activity, the assay results with tadpoles have run parallel with 
the results on guiness pigs, but have shown absolute values 2.7 to 2.8 times 
as great when expressed on the thyroxine basis. Although the values ob- 
tained on guinea pigs can be accounted for by the amount of thyroxine 
apparently present, further investigation is required before the uniformly 
higher values on tadpoles can be explained. 

iy reference to Table I, it will be seen that both samples of thyroxine 
obtained from iodinated casein exerted a metabolic effect that, within the 
limits of experimental error, was identical with that of synthetic thyroxine. 
The iodine contents were 65.0 and 63.6 per cent respectively, as compared 
to 65 per cent in the synthetic standard. The melting point, when the 
material was heated at the rate of 3° per minute, was 230-232°. 

Spectrographic absorption curves obtained on a sample of the thyroxine 
obtained from casein in comparison with synthetic thyroxine are shown in 
Fig. |. Both samples were dissolve | in alkaline butyl alcohol in a concen- 
tration of 0.2 mg. per ml. The absorption of light in the ultraviolet region 
was determined in a Hilger medium quartz spectrograph, together with a 
Hilger-Spekker spectrophotometer, and a | em. absorption cell. The light 
source Was an iron-tungsten spark: 
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As the concentration was the same in both preparations, the extinction 
(log Io/J) is plotted directly against the wave-length in A. It will be 
observed that the absorption of the two compounds is practically identical 
throughout the range from 2600 to 4000 A. This, together with the 
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Fic. 1. Spectrographic absorption curves for thyroxine obtarmed from casein and 


for svnthetic thyroxine 


analytical data and biological assays, can leave no doubt that the crystalline 
substance isolated in high vield from iodinated casein is actually thyroxine 


SUMMARY 


An iodinated casein was prepared and crystalline thyroxine was isolated 
from it subsequent to hydrolysis with barium hydroxide in order to deter- 
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mine whether or not the yield of thyroxine could be correlated with the 
thyroidal activity of the iodinated protein. 

In two trials, yields of 424 and 385 mg. of crystalline thyroxine were 
obtained from 100 gm. of starting material. The iodinated protein itself 
showed thyroidal activity equivalent to 3 per cent that of racemic thyrox- 
ine. Since thyroxine is apparently formed in the protein in only the active 
levo form, however, the highest vield obtained would account for 28 per 
cent of the activity of the original iodinated protein. 

An impure acid-insoluble substance containing 40.1 per cent iodine was 
obtained in a vield of 3.4 per cent. A biological assay showed it to have 
activity equivalent to thyroxine when given at the same iodine level. If 
all the activity of this substance is assumed to be due to thyroxine, the 
thyroidal activity of the iodinated casein, as measured by the guinea pig 
assay, would be completely accounted for. 

The identity of the thyroxine obtained was verified by its iodine content, 
melting point, spectrographie absorption, and biological assay. 


The authors wish to acknowledge their appreciation to Dr. V. R. Ells, 
Spectrographic Service, University of Missouri, for the spectrographic 
determinations and to Vernon R. Cupps, student assistant, for assistance 
with the biological assays. 
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THE RECOVERY OF -THYROXINE FROM IODINATED CASEIN 
BY DIRECT HYDROLYSIS WITH ACID* 


By FE. P. REINEKE ano C. W. TURNER 
‘From the Department of Dairy Husbandry, University of Missouri, Columbia) 


(Received for publication, May 27, 1943) 


In the preceding report it was shown that iodinated casein prepared 
under optimal conditions will vield somewhat more than 0.4 per cent of 
crystalline thyroxine subsequent to hydrolysis with barium hydroxide. 
Since hydrolysis with strong alkali results in racemization of amino acids, 
however, the thyroxine obtained is a di mixture, and provides no evidence 
as to whether or not it was originally formed in the protein in an optically 
active state. 

The only method used successfully thus far for the isolation of l-thyroxine 
from thyroid gland substance has involved stepwise hydrolysis with prote- 
olytic enzymes and successive purification of the hydrolysates. Harington 
and Salter (1) first reported the recovery of /-thyroxine from thyroid after 
intensive digestion with pepsin and trypsin. Foster et al. (2) used a similar 
method, but employed 2 ~ sulfuric acid to complete the hydrolysis. 

The early investigations of Baumann (3) and others indicated that iodo- 
thyvrin, prepared by hydrolysis of thyroid with 10 per cent sulfuric acid, 
contained a physielogically active substance. However, in later experi- 
ments discussed by Kendall (4) all attempts to isolate thyroxine from todo- 
thyvrin resulted in failure. 

Lerman and Salter (5) reported the stepwise separation of iodinated 
serum protein into T and D fractions by hydrolysis with pepsin and trypsin 
in a manner similar to that observed previously with thyroglobulin (6). 
However, attempts to isolate thyroxine were unsuccessful. At the same 
time that they announced the isolation of crystalline thyroxine from iodi- 
nated casein subsequent to hydrolysis with barium hydroxide, Ludwig and 
von Mutzenbecher (7) reported that thev were unable to recover a crystal- 
line product after hydrolysis with either sulfuric acid or proteolytic en- 

As is shown in the preceding paper, we have been able to recover more 
than O.4 per cent of erystalline thyroxine from iodinated casein prepared 
under optimal conditions, by use of the usual alkaline hydrolysis. During 
the course of this work, it occurred to one of us that, if the iodinated protein 
were hydrolyzed with an acid in the presence of a solvent, the hydrolysis 


* Contribution from the Department of Dairy Husbandry, Missouri Agricultural 
Experiment Station, Journal Series, No. 806. 
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might go to completion without the destruction of thyroxine that appar- 
ently occurred in all of the previous work. By use of this technique, it has 
been found possible to obtain crystalline /-thyroxine from iodinated casein 
in satisfactory vield by a relatively simple method. 


EXPERIMENTAL 


As a preliminary, the miscibility of n-butyl! alcohol with various concen. 
trations of sulfuric acid solution was tested. It was observed that, when 
an aqueous solution containing 18 to 32 per cent sulfurie acid was mixed 
with an equal volume of n-butyl alcohol, the butyl aleohol would separate 
into a clear cut laver. When the 18 per cent acid solution was heated, little 
change in the distribution of the layers occurred. When the 32 per cent 
acid solution was heated, however, the buty! alcohol and sulfuric acid be- 
came completely miscible, although they separated again when the solution 
was cooled. 

Hydrolysis with Sulfurte Acid-—— When « small amount of todinated casein 
was placed in a solution containing IS per cent of sulfuric acid together 
with an equal volume of butyl alcohol and heated to boiling, the hydrolytic 
products were largely taken up by the buty! aleohol laver within the course 
of afew minutes, even though the hydrolysis was far from complete. There- 
fore in subsequent work a 32 per cent sulfuric acid solution was used in 
order to obtain more complete hydrolysis. 

In the first attempt by this procedure, 25 gm. of iodinated casein were 
hydrolyzed by heating for 14 hours in a mixture containing equal parts 
of n-butyl alcohol and 32 per cent sulfuric acid. After successive purifica- 
tion of the hydrolysate, 16 mg. of a ervstalline substance that was identical 
with thyroxine in its appearance and general properties were obtained. 
Accordingly a larger amount of iodinated casein taken from an entirely 
different lot was worked up in order to obtain a vield sufficient to identify 
the compound more fully. The following procedure was used. 

The iodinated casein was prepared exactly as described in the preceding 
paper. 600 gm. were mixed with 3 liters of n-butyl alcohol, and 3 liters of 
an aqueous solution containing 32 per cent sulfuric acid were added. The 
mixture was refluxed on a boiling water bath until the biuret test became 
negative, a period of 13 hours. After cooling, 6 liters of distilled water 
were added and mixed thoroughly. 

The solution was then placed in a large separatory funnel, and the aque- 
ous laver was drawn off and discarded. In order to remove a considerable 
amount of alkali-soluble, dark colored impurity, the butyl aleohol laver 
was extracted three times in succession with 3 liter portions of a solution 
containing 16 per cent of sodium hydroxide and 5 per cent of sodium car- 
bonate, the aqueous layer being discarded each time. In order to avoid 
racemization, the extractions were carried out as rapidly as possible, and 
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immediately alter the last extraction the butyl alcohol portion was adjusted 
to pH 4.5 to 5.0 by the addition of dilute hydrochloric acid. 

The butyl aleohol was removed by vacuum distillation with gentle warm- 
The residue was dissolved in approximately 5 liters 
of distilled water with the aid of ammonium hydroxide, heated to 60°, and 
warm barium hydroxide solution was added until a floeculent precipitate 
The precipitate of barium salts (Precipitate A) was filtered off 
quickly on a Buehner funnel, leaving a clear, straw-colored filtrate (B). 
When the filtrate was acidified to pH 4.5 to 5.0 with dilute acetie acid, a 
light colored precipitate settled out. 
making it slightly acid to Congo red with hydrochloric acid, and the acid- 
insoluble material was recovered by filtration, dissolved in | liter of distilled 
water with the aid of ammonia, heated to 60°, and treated with a slight 
excess of warm barium hydroxide solution as before. 
salts were filtered off, a second small quantity of acid-insoluble substance 
This process was repeated twice more, a 
«mall amount of acid-insoluble material being recovered each time. 

The combined precipitates were dissolved in about 800 ml. of distilled 
water with the aid of ammonia, warmed to 60°, and a few ml. of saturated 
ammonium sulfate solution were added. 
was removed by centrifuging. 


ing in a water bath. 


formed. 


was recovered from the filtrate. 


was obtained 
amount of undissolved matter. 


settled out 


acid. 


Precipitate A was decomposed by 


After the barium 


The precipitate of barium sulfate 
The clear, amber-colored solution that 
remained was heated to 85°, and cautiously acidified with dilute sulfuric 
acid solution to the point of maximum precipitation (pH 5.0). 
lar precipitate was collected by filtering while hot, and then washed with 
dilute acetic acid 

After the material was dried in vacuo over magnesium perchlorate, a 
vield of 7.2 gm. of acid-insoluble precipitate containing 42 per cent of iodine 
(it this precipitate 7.1 gm. were dissolved in 300 ml. of hot 
0.1 \ sodium carbonate and centrifuged while hot to remove a small 
When this solution was cooled to 0°, a 
heavy micro ervstalline precipitate of the monosodium salt of thyroxine 
The thyroxine was purified as described in the preceding 
paper, and was finally erystallized from alkaline alcohol as the free amino 
A total vield equivalent to 595 mg. of crystalline thyroxine was 
obtained by this method from 600 gm. of starting material. 
fraction that was estimated to contain approximately 100 mg. of thyroxine 
was lost through breakage of a centrifuge tube. 
thus well over 0.1 per cent of the original iodinated casein. 

The erysta!line compound was found to contain 65.1 per cent iodine. 
The melting point, when the compound was heated at the rate of 3° per 
minute, was 236-238, as compared to a melting point of 230-232° obtained 
with di-thyroxine by the same method. 

Optical Rotation— The optical rotation was determined in a highly sensi- 


In addition, a 


The probable vield was 
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tive Schmidt and Haensch polariscope, with a sodium vaporlamp as light 
source. 210 mg. of the crystalline thyroxine were dissolved in 5 ml. of a 
solution consisting of 24 gm. of 0.5 ~ sodium hydroxide mixed with 56 
gm. of absolute ethyl alcohol. The observed rotation was —0.176°, or 
la], = —4.2°. The specific rotation of the thyroxine obtained by acid 
hydrolysis of iodinated casein thus agrees fairly well with the value of 
—4.4° reported by Foster ef al. (2) for thyroxine recovered by the enzyma- 
tic hydrolysis of thyroid tissue, but is slightly higher than the value of 
—3.8° reported by Harington and Salter (1) for the product obtained both 
by resolution of synthetic thyroxine and by isolation from thyroid. It 
should be noted that the latter workers used a mercury green light for the 
polariscope determination, whereas our data and those of Foster ef al. were 
obtained with sodium light. 

Hydrolysis with Hydrochloric Acid—Yollowing the isolation of /-thyroxine 
subsequent to hydrolysis with the sulfuric acid-butyl aleohol mixture it 
was of interest to determine whether similar results could be obtained by 
the use of hydrochloric acid. For this purpose 600 gm. of iodinated casein 
from the same lot used for the previous work were treated exactly as already 
described except that 20 per cent hydrochloric acid was used tor the hydrol- 
ysis instead of sulfuric acid. After the material was refluxed for 10 hours, 
the biuret test became negative and hydrolysis was judged to be complete. 
The hydrolysate differed from that obtained with sulfurie acid in the much 
larger amount of insoluble residue that collected below the buty! aleohol 
layer during the extraction with sodium hydroxide. This was drawn off 
through the separatory funnel after the final extraction and discarded. 
After removal of the butyl alcohol, and purification as desenbed previously, 
a yield of 31 mg. of a crystalline product containing 64.2 per cent rodine and 
of the same appearance and general properties as thyroxine was iwolated. 
In view of the results described previously, it appeared safe to assume that 
this compound was also /-thyroxine. Because of the small amount of 
material available, however, further identification was not attempted. 

Biological Assay of l-Thyroxine—The metabolic effect of /-thyroxine 
obtained by the hydrolysis of iodinated casein with sulfuric acid was com- 
pared with that of crystalline synthetic d/-thyroxine by use of the guinea 
pig assay described in the preceding paper. Both preparations were in- 
jected subcutaneously. 

A stock solution of /-thyroxine in a concentration of | mg. per ml. was 
prepared. Before being made up to volume, the thyroxine was dissolved 
by adding a minimum amount of 0.1 N sodium hydroxide, and then preci- 
pitated as the monosodium salt by addition of 0.1 ~ hydrochloric acid to 
pH 6.8 to 7.0. Immediately before injection the stock solution was mixed 
well and an aliquot was accurately pipetted out. 4 drops of 0.1 ‘ sodium 
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hydroxide solution were added to dissolve the thyroxine, and the solution 
was made up to the required volume. The di-thyroxine was dissolved in 
distilled water with the aid of a minimum of 0.1 ~N sodium hydroxide solu- 
tion. The solutions were kept in the refrigerator when not in use. 

The results of two different assays in which the calorigenic effect of the 
l- and dl-thyroxine is compared are given in Table I. In the first, /- 
thvroxine from iodinated casein, injected at the rates of 4 and 8 y per 100 


Taste I 
Comparative Thyroidal Potency of l- and dl-Thyrorine 


Average cain in COs output* Body weight loss 
Ne of 
Preparation lhosage guinea 
pigs Trial Trial = Trial bined | 7 days | 14 days 
average| dosage dosage 


Assay | 
y per per per oper | per | per | per | per 
om cenl cent cont cent cont cent 
l-Thyroxine, from io- 8 53.1 52.7 | 49.6 46.1 530.4! 12.0! 20.2 
docasein 
29.4 25.1 | 40.6 39.0 33.5! 9.5 14.6 
dl-Thyroxine, «yn- 32.4 26.5) 37.1 ' 3%.0)| 33.0, 8.6); 14.0 
thetic 
\eeav 2 


l-Thyroxine, from io- 6.25 4 29.6 33.6 | 32.7 | 33.4 32.3 | 10.6 18.3 
docasein 


10.7 


3.12 4 | 25.5 22.9/| 25.5| 20.9/| 23.7/| 6.4 
dil-Thyroxine, syn- 6.25 24.8 27.7 27.7' 2.0; 2.0; 7.2 | 11.4 
thetic 


— 


* The metaboliem data for Assay | are for the 9th, 10th, llth, and l4th days after 
dosage started. The values for \ssay 2 were obtained on the 7th, Sth, 9th, and 12th 
days of dosage The results are expressad as the percentage increase in carbon 
creat normal! control + obtained tinder similar conditions. 


gm. of body weight, was compared with crystalline synthetic dl-thyroxine 
injected at the 8 » level. 

In Assay | the carbon dioxide production was determined periodically 
during the 6th to 14th days of dosage. The values obtained in four trials 
during the latter part of the period, when the animals had reached the 
peak of stimulation, are presented in Table I. The percentage loss of body 
weight was calculated on the 7th and 14th days of dosage. Both the in- 
crease in carbon dioxide production and loss of body weight of the animals 
receiving 4 y of /-thyrexine or 8 » of dil-thyroxine per 100 gm. of body 
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weight were practically identical. 8 7 of /-thyroxine produced a much 
higher response than the same dosage of the di mixture. 

The results of a second trial in which /- and dl-thyroxine were compared 
at a lower dosage level are shown in Assay 2, Table 1. Alter 12 days of 
dosage on this experiment, there was a sudden rise in environmental tem- 
perature that made it impossible, under our conditions, to obtain reliable 
results on metabolism. Therefore, results on the carbon dioxide output 
are given for the last four trials in this 12 day period, and data on loss of 
body weight are given for the 7th and 14th days of dosage. In this instance 
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6.25 y of di-thyroxine appeared to cause a slightly greater effect than 3.12 
of l-thyroxine, the two substances producing average in carbon 
dioxide output of 26.0 and 23.7 per cent, respectively From data that 
have accumulated in our laboratory (unpublished), we have computed 
that the standard error (5y X x) of the increased carbon dioxide output in 
response to a given dosage of thyroxine w& 4.56 per cent Therefore, the 
difference noted above is within the experimental errer of the method 
When given at the same dosage level, (-thyroxine again produced a dt 
tinctly higher res potise than the d/ compound did 

This is clearly demonstrated by the response Curves of \ssay 2, charted 
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in Fig. |. It will be noted that the responses to 3.12 y of /-thyroxine and 
6.25 y of dl-thyroxine per 100 gm. of body weight run closely parallel but 
are distinctly lower than the values for the group receiving 6.25 y of /- 
thvroxine. 


DISCUSSION 


From the results, it must be concluded that the /-thyroxine obtained by 
acid hydrolysis of iodinated casein has approximately twice the potency of 
synthetic di-thyroxine. This is in agreement with the report of Foster 
et al. (2), who reported that /-thyroxine recovered from thyroid tissue ex- 
erted twice the effect of the di mixture. Gaddum (8) reported that /- 
thyroxine obtained by resolution of the synthetic substance had 3 times 
the potency of the d form, while Salter, Lerman, and Means (9) failed to 
establish any difference between these same preparations when admin- 
istered to myxedematous patients. Foster ef al. suggested that the small 
amount of activity noted by Gaddum for d-thyroxine may have been due 
to incomplete resolution of the sample, which possessed a somewhat lower 
specific rotation than the natural product used in their experiments. From 
our present results it appears possible to account, within experimental error, 
for the full activity of dl-thvroxine by the activity of its / component alone. 
Since the accuracy of the method is limited to approximately +20 per cent, 
however, a small amount of activity of the d compound could exist without 
being detected. 

The present results help to throw some additional light on the mode of 
synthesis of thyroxine in an jodinated protein. If the synthesis occurs by 
the oxidative coupling of 2 molecules of diiodotvrosine and the elimination 
of one side chain, as has been previously suggested by Ludwig and von Mut- 
zenbecher (7), Harington and Rivers (10), Reineke ef a/. (11), and elabo- 
rated further by Johnson and Tewkesbury (12), the thyroxine would be 
expected to occur in an optically active state, since no alteration of the re- 
maining side chain would be involved. Our recovery of the / compound 
after acid hydrolysis lends further support to this concept. 

The formation of /-thyroxine in iodinated proteins also explains in large 
part the high thyroidal activity of the preparations previously reported 
from our laboratory, as discussed in the preceding paper. 

By our new method of hydrolysis a vield of approximately 0.1 per cent 
of i-thyroxine was obtained as compared to more than 0.4 per cent of dl- 
thyroxine obtained by hydrolysis with alkali. It is believed that, by fur- 
ther study of the method of hydrolysis with acid in order to establish more 
nearly optimum conditions, this yield could be improved considerably. 
Even as used at present, however, it represents a great advance over any 
method for obtaining /-thyroxine that has been available heretofore. Har- 
ington and Salter (1) obtained minute vields of /-thyroxine from thyroid 
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by enzymatic hydrolysis. Foster ef al. (2), using similar methods, recoy- 
ered a vield of only 104 mg. of /-thyroxine from 18 kilos of fresh hog thy- 
roid. In a second trial they reported a vield of 28 mg. of /-thyvroxine from 
2.2 kilos of commercial desiccated and defatted thyroid. 


SUMMARY 


1. Crystalline /-thyroxine (la), = —4.2°, iodine content 65.1 per cent, 
m.p. 236-238°) was isolated from iodinated casein. 

2. Direct hydrolysis of iodinated casein with a sulfuric acid-buty! aleoho! 
mixture gave a vield of approximately 0.1 per cent of crystalline /-thyrex- 
ine. Thyroxine was recovered in a much lower vield by direct hydrolysix 
with-a hydrochloric acid-buty! alcohol mixture. 

3. Details of the new method for recovery of thyroxine are desenbed 

4. The /-thyroxine showed approximately twice the thyroidal effect of 
racemic thyroxine, as shown by its elevation of the carbon dioxide output 
and by loss of body weight of guinea pigs. 
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LETTERS TO THE EDITORS 


ANOMALOUS AMINO NUPROGEN VALUES* 


Sure 


As a preliminary step in the investigation of the structure of penicillin, 
amino and total nitrogen determinations were made on a crude preparation. ' 
It was found that the manometric amino nitrogen value was almost double 
that for total nitrogen (micro-Kjeldahl). Chrysogenin,' the vellow pig- 
ment which accompanies penicillin, gave an amino nitrogen value of 2.73 
per cent (30 minutes reaction time), although the micro-Kjeldahl deter- 
mination showed that the material contained no nitrogen. It is, of course, 
well known that certain amino acids give more than the theoretical amount 
of nitrogen in the Van Slyke determination” However, there are very few 
reports coneerning anomalous values from non-nitrogenous compounds. 
Lough and Lewis’ found that thioglveolie and a-thiolpropionic acids vielded 
nitrogen. Clarke and Inouve' observed that pyruvie acid gave an ap- 
preciable amount of gas when analyzed by the standard procedure. It 
seemed desirable, therefore, to determine what types of non-nitrogenous 
compounds give amino nitrogen values. Some preliminary results of this 
study are recorded in the table. The determinations were made by the 
standard Van Slvke manometric technique at temperatures of 24-28°. 

These results clearly demonstrate that amino nitrogen values on com- 
pounds of unknown structure must be interpreted with caution. In the 
case of the crude penicillin, for example, the amino nitrogen figure by it- 
sell is quite misleading, since the available evidence indicates that penicillin 
does not contain a free primary amino group. 

The identity of the gas produced in the reaction of nitrous acid with 
resorcinol was of interest in connection with the mechanism of the reaction. 
The possibilities are nitrogen, carbon monoxide, hydrogen, or a hydro- 
carbon. Carbon monoxide was eliminated, since the gas was not absorbed 
by Winkler’s solution. It is highly improbable that either hvdrogen or a 


* The authors wish to acknowledge a grant to one of us (S. R. D.) by The Upjohn 
ompans 

' This product was kindly supplied by The Upjohn Company 

’Sehmidt, J. Biol. Chem... 83, SST (1929). Kendrick, \. B., and Hanke 
M. J. Biol. 117, 161 (1937 

Lough. S. A.. and Lewis, HB. 7. Biol. Chem., 104, 601 (1934). 

‘Clarke HU. T.. and Inouve, J. J. Biol. Chem. 88, 399 (1930). 
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( ompound Keaction tum Amin nitroge 


Pet 


Resoreinol "44 
12.01 1 
monomethyl ether 1.10 
dimethyl ethes 5 0.05 
Hydroquinone 5 3.08 
0.6 
Salicylic acid 0.21 
m-Hydroxybenzoic acid 5 ( 
p-Hydroxybenzoie 5 0.76 
Phenol 
Ascorbic acid 5 
Iuthyl acetoacetate O.24 | 
Tetronic acid 2.06 
| 
hydrocarbon is produced in this reaction. The most likely posubility ix > 
that nitrogen is formed by reduction of the nitrous acid of the reagent. h 
A more extensive investigation of this question is now In progress. | . 
Division of Biochemistry | hi 
Noyes Laboratory of Chemistry = 
University of re 
rbana 
“ 
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SOME PROPERTIES OF A GROWTH FACTOR FOR 
LACTOBACILLUS CASEI* 


Sirs: 


This communication describes certain properties of a growth factor for 
Lactobacillus casei «, first described as the “norite eluate factor.” Prepara- 
tions have been obtained from liver and yeast. The compound from liver 
gave a methyl! ester which was precipitated repeatedly from ethanol in a 
vellow gelatinous form without change in biological activity. Analysis, 
C 52.7, HAS, N 20.1, phosphorus absent... Upon slow evaporation on a 
microscope slide in air of a methanol solution of the methyl ester, very 
emall acicular or bladed crystals, or aggregates of these, were formed which 
showed oblique extinetion. The ultraviolet absorption spectrum of the 
free acid was measured in acid, neutral, and alkaline solutions (Fig. 1). 
From yeast a compound was obtained which yielded a methyl! ester in 
ervstalline form. The free acid of this had the same absorption spectrum 
in O.1 NS NaOH, pil 7.0, as the material isolated from liver. The esters 
obtamed from liver and veast were hvdrolyzed to vield preparations which 
had equal poteney for L. case: « However, when assayed with S. lactis R, 
by the method of Mitchell and Snell,’ the preparation from yeast was only 
half as active as that from liver. When compared with Liver Fraction 
BK (poteney |) of Mitehell and Snell,’ our preparation from liver had a 
relative potency of 70,000 when determined with L. case: « and 78,000 
when asxaved with S. /aetis KR. The preparation from veast had a relative 
potency of 75,000 with L. caser « and 38,000 with S. lactis R. These 
results indicate that the materials isolated from liver and veast are 
different. 

The compound obtained from liver is thought to be identical with that 
obtained by Pfiffner «f a/..§ who reported an analysis for the free acid which 
ix in agreement with the present results with the ester if these are adjusted 
for an added methyl! group. The amount required for half maximum 
growth of L. case: « was 0.000055 y per ml. of medium, which is in good 

* The author wishes to thank Miss B. Eames for making the microbiological 
assays, Mr. DD. Richardson for the absorption spectrum measurements, and Dr. E. F. 
Williams for the crystallographic work 

‘Snell. FE. and Peterson, W. H., J. Bact... 9%, 273 (1940). Hutchings. B. L. 
Bohonos, \.. and Peterson, W. H., J. Biol. Chem., 141, 521 (1941). 

* The writer wishes to take the opportunity to correct an error in a previous 
report (/. Biol, Chem, 188, 475 (1941)) that the growth factor for L. casei « contains 

Mitchell, and Smell, ate. Teraa Pub... No. 4137, 36 (1941). 
J. J.. Binkley, 8. Bloom, E. Brown, R. A., Bird, O. D., Emmett, 
and O'Dell, Setenece, 97, 404 (1945) 
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agreement with the results obtained by Ptiffner ef al. Both the prepara. 
tions from liver and veast appear to differ from the growth factor for S 
lactis R described by Keresztesy cf al Their preparation was approxi- 


a 10 
— IN 


220 260 300 345 88 


~ 


hic. 1. Ultraviolet absorption spectrum of L. case: factor from liver 


mately 2500 times as active for S. lactis Boas tor L. case: «, while the two 
preparations described here were more active for 1. caser than for 8. 
lactis R. 


Lederle Laboratories. Inc. SreKxerap 
Pearl River. New Yori 
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GROWTH-PROMOTING ACTIVITY OF BETAINE IN THE CHICK 
Sura: 


The ineffectiveness of betaine’ and methionine’ in the prevention of 
perosis due to choline deficiency indicates little or no choline synthesis 
in the chick. Betaine has previously shown small growth-promoting 
effects of doubtful significance.'.* We wish to report results of studies 
which show that under certain conditions betaine is capable of exerting a 
growth effect in the chick equivalent to that of choline. Typical results 
which have been confirmed by other experiments are given in the table. 

The chick diet used was a synthetic type containing isolated sov bean 
protein as the only source of amino acids. It was otherwise similar to 


Effects of Choline, Ketaine, and Methionine on Rate of Gain in Chicks 


Weight cain per day 


Supplement to dict Level 
Series | Series II 

per cent per cent | per cent 
None 1.9, 2.1° 1.S 
Ketaine hydrochloride 3.4 t.1 

3.7 1.0 
(Choline chloride 3.4, 4.2° 
Methionine 


* hach value represents one group. 


diets already described’ with the exception that yeast extract was replaced 
by crystalline members of the vitamin B complex and choline was not 
added. The diet, in contrast with those previously employed,'~* contained 
amounts of the sulfur-bearing amino acids which were known to be sub- 
optimal. ‘This fact, together with the deficiency of choline, is believed to 
have accentuated the effect of betaine. Chicks were depleted of choline 
prior to their use in experiments. 

These and other data obtained indicate that betaine may assume in 
certain respects the funetions of choline or methionine in the chick. 


‘Jukes, T. amd Weleh, J. Biol. Chem... 146, 19 (1942). Almauist, Hi. 
J.. unpublished data (1943) 
‘Jukes. T. H.. J. 3B. 315 (19041). 
MeGinnis, J., Norris, L. C.. and Heuser, G. F., l’roe. Soe. Exp. Biol. and Med., 
Si, (1942 
‘Almaquist, H. Meeehi, Kratzer, F. and Grau, C. R., J. Nutr., %, 
35 (1942 
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Betaine or a substance derived from betaine may be a physiological re- 
quirement which can be formed, if necessary, from choline or methionine. 


Division of Poultry Husbandry J. Atwquier 
College of Agriculture Gomat 
University of California 
Berkeley 
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KETOGLUTARIC DEHYDROGENASE OF HEART EXTRACTS* 
Sirs: 
The reaction 
a-Ketoglutarate + 0.50, = succinate + CO, (1) 


was studied in dialyzed extracts of washed cat heart in order to obtain 
some information on the components of the system, a knowledge which 
will be of help in the purification of the enzyme or enzymes involved. 

In the presence of 0.025 m malonate, to inhibit the succinic dehydro- 
genase, one obtains n.q. values of 1.7 to 1.9, and the ratio of molecules of 
oxygen consumed to molecules of a-ketoglutarate utilized is close to 0.5; 
this indicates the almost exclusive occurrence of reaction (1) under the 
experimental conditions employed. The pH optimum of the reaction is 
about 7.5. After 4 to 5 hours of dialysis there is but little utilization of 
a-ketoglutarate; this can, however, be restored to values approaching 


| those obtained before dialysis by addition of (a) inorganic phosphate (but 


not arsenate) and (4) muscle adenylic acid or adenosine triphosphate (but 


not veast adenyvlic acid or adenosine). Some of these facts are illustrated 
in the accompanying table. Addition of fumarate has no effect on the 
rate of a-ketoglutarate utilization, indicating that C, dicarboxylic acids 
are not involved in the transport of hydrogen from a-ketoglutarate to 
een. 

Indirect measurements have shown that oxidation of pyruvate by tissue 
extracts can be linked with as high an uptake of phosphate by phosphate 
acceptors as 3 molecules per atom of oxygen consumed.’ It is therefore 
of some interest that, in relation to the oxygen consumption, as much 
esterification of phosphate with glucose is brought about by reaction (1) as 
by the complete oxidation of pyruvate with the same enzyme preparation. 
In an expermment with a@-ketoglutarate, 16 micromoles of oxygen were 
consumed, 30 micromoles of CO, produced, 40 micromoles of a-keto- 
gutarate utilized, and 35 micromoles of phosphate esterified with glucose 
n 40 minutes at 36.0. This gives an n.q. of 1.87, a ratio of O. consumed 
to a«-ketoglutarate utilized of O04, and a P:O ratio of 1.1 molecules of 
phosphate per atom of oxygen consumed. With pyruvate as substrate 
‘no malonate), 22 micromoles of oxygen were consumed, 12 micromoles of 
ovruvate utilized, and 52 micromoles of phosphate esterified in 20 minutes 


*Supperted by « grant from the Williams-Waterman Fund of the Research 


'Orhoan, S., Pederation l’roe., 2, 67 (1043). 
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micromoles of MgCl, and 530 micromoles of sodium malonate 


moles. 
Additions 
Phosphate Arsenate Adenine nucleotide 

] 0) 75 5 AMP 

75 0 5 AMI 

i) aa 

0) 75 5 AMP 
2 65 75 

65 75 1.35 ATV 

AMIP = adenosine-5 monophosphate ; ATP adenosine 


Department of Medicine 
New York  niversity College of Medicine and the Medical 
Service of the Psychratric Dirision, Bellevue Hospital 
New 
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1.5 ec. of dialyzed extract were brought to 2.0 ce. with additions including 8 


at 36.6°; 100 per cent oxygen in the gas phase. All values are expressed in micro 


(O. consumed to pyruvate utilized = 1.8; P:0 1.2). 
ment the P:O ratios were 1.5 with a-ketoglutarate, and 1.7 with pyruvate” 


? The values of the P:O ratio as directly measured depend on the activity of the 
adenosine triphosphatase in the extracts, varving inversely with it 


Incubation 40 minutes« 


@ Keto 
uptake 
1.1 
17.8 
1.1 4.0 
1.9 7.1 
1.2 4 
1.3 10.0 
19.6 30 
triphosphate 


In another experi- 
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